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1 . 0  INTRODUCTION 


In  support  of  the  Draper  Integrated  Simulations,  Photon  Research  Associ¬ 
ates  has  developed  a  computer  code  capable  of  generating  and  manipulating 
terrestrial  scenes  as  a  function  of  major  surveillance  system  and  mission 
parameters.  This  code  (called  GENESSIS)  has  the  capability  to  interface  with 
the  Defense  Mapping  Agency  (DMA)  data  base  of  terrestrial  scenes  as  the 
source  of  scene  input  data.  Consequently,  the  code  is  able  to  simulate  any 
scene  for  which  DMA  data  exists. 


Because  of  the  desirability  to  have  a  functioning  code  as  soon  as  pos¬ 
sible,  the  code  is  being  developed  in  two  phases  (each  phase  spanning  approx¬ 
imately  one  calendar  year) .  The  first  phase  has  provided  a  functional  syn¬ 
thetic  scene  simulation  computer  code,  although  this  first-phase  code  has 
some  limitations.  In  particular,  some  of  the  higher-order  phenomena  con¬ 
trolling  scene  radiance  (e.g.,  cloud  shadowing)  have  been  neglected,  some  of 
the  phenomenological  treatments  utilize  simplifying  approximations,  and  the 
input  data  base  is  limited  to  five  terrestrial  scenes  and  two  cloud  repre¬ 
sentations.  The  plan  is  to  eliminate  these  restrictions  during  subse¬ 
quent  phases . 

This  report  presents  the  status  of  the  GENESSIS  code  at  the  end  of  the 
first  phase  effort  and  presents  instructions  for  its  use.  Code  architec¬ 
ture,  I/O  functions,  user  operational  procedures,  and  test  case  outputs  are 
each  presented  and  discussed. 


2 . 0  CODE  ARCHITECTURE 


The  GENESSIS  scene  simulation  is  based  upon  a  point-by-point  algorithm, 
a  single  cycle  of  which  consists  of  collecting  (and  in  some  instances,  com¬ 
puting)  inputs  specific  to  a  single  point  on  the  scene,  calculating  the  appar¬ 
ent  radiance  of  that  point  from  the  collected  inputs,  and  finally  weighting 
and  assigning  the  calculated  radiance  to  the  appropriate  pixel  in  the  obser¬ 
ver's  field  of  view.  If  the  density  of  points  is  large  enough,  the  scene  will 
be  properly  sampled  and  the  radiances  computed  by  repeated  point  calculations 
can  be  combined  to  produce  an  accurate  pixel  radiance  map  of  the  scene.  The 
parameters  of  these  radiance  grid  points  are  computed  from  the  three-dimen¬ 
sional  scene  itself. 


Scene  data  consists  of  discrete  altitude,  material  type  pai? 
at  regular  intervals  on  a  planar  rectangular  grid.  Continuous  s 
produced  from  the  discrete  scene  data  using  a  bi-cubic  spline  fi 
niqua.  Point  data  can  be  computed  from  these  surfaces  at  any  de 
resolution. 


specified 
aces  are 
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The  computed  apparent  radiances  consist  of  four  terms  comb.  Iditive- 

ly.  These  are  reflected  solar,  thermal  emission,  reflected  skys.._.»a  and  path 
radiance.  The  respective  calculational  procedures  are  discussed  in  Section 
3.4.  Each  major  calculational  operation  is  performed  with  a  separate  soft¬ 
ware  module.  The  atmospheric,  geometric  and  radiance  modules  have  stand-alone 
capabilities,  but  are  normally  executed  in  sequence  to  produce  a  final  result. 


The  simulations'  primary  output  is  an  N  x  M  viewer-perspective  pixel 
apparent  radiance  map.  Diagnostic  output  is  also  available  to  check  proper 
code  execution. 


2.1  Modules 


The  GENESSIS  code  is  comprised  of  six  (6)  modules  (subroutine  packages) 
each  with  a  single  specific  task.  These  are  geometric,  atmospheric,  heat 
transfer,  radiance,  image  and  ephemeris.  These  are  combined  into  three  major 
modules  each  with  stand-alone  capabilities.  Modular  stand-alone  capabilities 
allow  flexibility  of  operation  while  maintaining  a  simplicity  of  structure, 
user  interaction  and  memory  requirements. 

The  geometric  module  performs  shadowing  and  the  viewer  perspective  pro¬ 
jection  of  the  scene.  Its  output  is  required  by  the  radiance  module. 

The  atmospheric  module  supplies  atmospheric  parameters  required  by  the 
radiance  module.  It  is  run  least  often  since  its  output  covers  a  wide  range 
of  solar  and  observer  geometries. 

The  radiance  module  produces  a  viewer  perspective  pixel  apparent  scene 
radiance  map  from  information  supplied  by  the  atmospheric  and  geometric 
modules.  It  calls  upon  the  heat  transfer  and  image  modules  to  produce, 


2 


respectively,  surface  temperatures  and  viewer  image.  The  heat  transfer  module 
currently  does  not  have  a  stand-alone  capability.  Both  the  geometric  and 
radiance  modules  utilize  the  ephemeris  module. 


With  the  exception  of  the  ephemeris  module,  these  packages  are  discussed 
in  detail  in  Sections  3. 1-3. 5.  The  ephemeris  module  computes  the  altitude- 
azimuth  position  of  the  sun  for  any  specific  time,  date  and  observer  location. 
A  published  user's  manual  exists  for  this  package.*  See  Appendix  1  for  ex¬ 
cerpts  of  this  manual. 


2.2  Module  Interaction 


A  flow  diagram  of  the  GENESSIS  architecture  is  given  in  Figure  1  which 
details  module  interaction  and  hierarchy.  Although  the  ephemeris,  heat  trans¬ 
fer  and  image  modules  have  stand-alone  capabilities,  they  currently  require 
interaction  with  other  major  modules.  Plans  exist  to  investigate  increases 
in  efficiency  and  flexibility  potentially  available  by  separating  these  mod¬ 
ules.  This  will  be  done  during  Phase  II  of  the  contract.  Figure  2  details 
the  I/O-module  interaction.  In  this  figure  GENESSIS  is  shown  as  having  three 
major  components. 


2 . 3  User  Inputs/Control 

User  inputs  are  categorized  according  to  purpose.  These  are  geometric, 
sensor  and  atmospheric.  The  elements  of  these  are: 

A.  Geometric  Inputs 

1.  The  date  and  time  of  the  simulation,  used  to  compute  the 
position  of  the  sun, 

2.  The  latitude  and  longitude  of  the  viewer  subsatellite  point, 

3.  The  observer  altitude  in  kilometers. 

B.  Sensor  Inputs 

1.  The  vertical  and  horizontal  angular  field  of  view, 

2.  Focal  plane  rotation  in  degrees, 

3.  The  vertical  and  horizontal  spatial  resolution  in  meters. 

C.  Atmospheric  Inputs 

1.  Atmospheric  model  (six  LOWTRAN  standard  atmospheres), 

2.  Aerosol  model, 

3.  Haze  model, 

4.  Visibility  in  kilometers, 

★ 

Solar  Ephemeris  Algorithm,  W.  Wilson.  Visibility  Laboratory,  Scripps 
Institution  of  Oceanography,  ^CSD.  SIO  Ref.  80-13,  July  1980,  La  Jolla,  CA. 


See  Section  6  for  a  detailed  discussion  of  the  user  specified  inputs. 


2 . 4  Scene  Data  Base  Inputs 

Scene  data  inputs  consist  of  the  altitude,  material  type  pairs  plus 
thermal,  atmospheric  and  reflectance  data.  The  elements  of  these  inputs  are 

1.  Material  thermal  properties  (solar  absorptance,  thermal  emit- 
tance,  thermal  conductance  and  thermal  mass)  required  by  the 
heat  transfer  module, 

2.  Material  in-band  diffuse  reflectance, 

3.  Cloud  in-band  bi-directional  reflectance, 

4.  Surface  level  atmospheric  properties  (temperature,  wind  speed 
and  humidity) . 

A  detailed  discussion  of  the  scene  data  base  is  given  in  Section  4. 
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3.0  MODULE  DESCRIPTION 


3.1  Atmospheric  Module 

The  atmospheric  module  performs  a  parametric  analysis  of  a  selected 
standard  atmosphere  which  is  primarily  a  function  of  spectral  bandpass  and 
observer  altitude.  Four  in-band  parameters  are  computed.  These  are  reflected 
solar,  reflected  skyshine,  path  radiance  and  path  transmission. 

The  reflected  components  are  apparent  values,  having  been  attenuated 
spectrally  along  the  observer's  line-of-sight  path.  Path  transmission  and 
path  radiance  are  computed  for  the  path  from  the  surface  to  the  observer. 

For  the  reflected  components,  the  atmospheric  module  calculates  spectrally 
for  the  path  from  source  to  surface  to  observer.  The  spectral  data  are  then 
integrated  over  wavelength  to  produce  a  single  in-band  value  for  the  entire 
path. 


In  order  to  reduce  the  long-term  costs  associated  with  the  computation 
of  atmospheric  parameters,  and  to  provide  the  necessary  computational  flexi¬ 
bility,  it  is  desirable  to  have  the  atmospheric  parameters  functionally 
related  to  altitude.  Early  investigations  showed  that  these  parameters  could 
be  represented  by  polynomials  over  the  altitude  range  from  0  to  10  km. 

Parameters  are  calculated  parametrically  for  a  series  of  zenith  angles 
and  altitudes.  At  each  altitude  a  polynomial  fit  versus  air  mass  is  computed 
and  stored  for  reflected  solar,  path  transmission  and  path  radiance.  For 
skyshine,  polynomial  fits  are  stored  as  a  function  of  altitude  only.  From 
this  data  base,  polynomial  fits  versus  altitude  for  each  of  the  four  atmos¬ 
pheric  parameters  are  produced  for  any  given  solar  and  observer  position. 

Since  the  reflected  solar  component  is  also  a  function  of  the  solar 
zenith  angle,  an  additional  series  of  cases  and  curve  fits  are  required  to 
completely  describe  this  parameter. 

The  coefficients  of  these  curve  fits  are  written  to  file  for  use  by  the 
radiance  module.  This  output  file  covers  all  observer  and  solar  zenith 
angles  and  need  not  be  remade  unless  the  bandpass,  model  atmosphere,  observer 
altitude  or  atmospheric  conditions  are  changed.  Curve  fit  diagnostics  are 
generated  in  order  to  monitor  the  quality  of  the  polynomial  fits. 

The  atmospheric  module  utilizes  a  PRA  developed  code  which  is  based  on 
LOWTRAN  that  properly  computes  reflective  or  "bent  path"  atmospheric  values. 

Figure  3  is  a  flow  diagram  of  the  atmospheric  module.  Figures  4-7  illus¬ 
trate  sample  atmospheric  module  outputs  for  the  following  conditions: 

Atmosphere:-  Subarctic  Summer 

Observer  Altitude:  100  km 

Observer  Zenith  Angle:  0  degs 
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Figure  3.  Atmospheric  Module 


Figure  7.  Path  Transmission  Versus  Altitude 
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Sun  Zenith  Angle: 
Band: 


64  degs 
7.5-12.0  urn 


3.2  Geometry 

The  geometric  module  supplies  information  regarding  the  visibility, 
orientation  and  projection  of  scene  radiance  grid  points.  It  creates  a  high 
resolution  altitude  map  by  bi-cubic  spline  interpolation  on  a  DMA  data  base. 
For  each  interpolated  point  it  provides  the  following  information: 

Point  in  shadow  or  in  sun. 

Point  visible  or  not, 

-  Geometric  information  such  as  altitude,  normal  vector, 
direction  cosines  to  the  sun  and  to  the  observer. 

Material  type. 

All  geometric  calculations  are  based  on  an  earth-centered  Cartesian  coordinate 
system. 

Surfaces  and  normal  vectors  are  produced  from  the  scene  data  using  the 
bi-cubic  spline  fitting  technique.  In  the  event  grid  points  are  required  at 
a  higher  resolution  than  the  scene  input  data,  they  are  generated  from  the 
spline-fit  produced  surfaces.  The  interpolation  forms  a  bi-cubic  patch  for 
each  grid  rectangle  in  the  data  base.  This  rectangle  is  evenly  divided  into 
a  sub-grid  of  predetermined  size.  The  bi-cubic  spline  is  evaluated  at  each 
of  these  sub-grid  points.  For  more  detailed  information,  see:  A.  R.  Forrest, 
"On  Coons'  and  Other  Methods  for  the  Representation  of  Curved  Surfaces,"  Com- 
puter  Graphics  anu  Image  Processing  (1972)  1  (pp  341-359). 

The  visibility  and  shadowing  of  each  grid  point  is  determined  using  a 
hidden  line  masking  technique.  This  is  done  by  slicing  the  high-resolution 
data  base  along  grid-lines,  so  that  these  slices  are  approximately  perpen¬ 
dicular  to  the  line  of  sight.  A  point  is  visible  if  the  line  of  sight  from 
the  sensor  to  the  point  does  not  intersect  an  intervening  surface.  The  same 
criterion  is  used  for  the  shadowing  determination.  The  scene  is  processed 
twice,  once  for  the  observer  and  once  for  the  sun. 

Shadowing  and  visibility  information  are  stored  in  intermediate  files. 
During  the  radiance  calculation,  these  files  are  used  to  decide  if  the  inter¬ 
polated  points  are  visible  and  whether  they  receive  solar  illumination. 

Points  not  visible  to  the  observer  are  ignored.  Points  not  seen  by  the  sun 
are  in  shadow  and  are  treated  accordingly  by  the  radiance  module.  The  hidden 
line  masking  technique  is  illustrated  in  Figures  8-10.  Projection  of  each 
point  into  the  observer's  image  plane  completes  the  primary  tasks  of  the  geo¬ 
metric  module.  The  module  is  diagrammed  in  Figure  11. 


Figure  8.  Schematic  Demonstration  of  Geometric  Module  Procedure. 

Grid  is  the  Interpolated  Scene  Data  Base,  i.e.,  "Radiance 
Grid  Points".  Example  is  for  Radiance  Point  (I,J)  which 
is  Not  Visible  by  the  Observer  but  Illuminated  by  the  Sun 


SCENE  IS  SLICED  ALONG  GRID  LINES 


Fiqure  9.  Example  of  Hidden  Line  Masking  Technique  Used  to  Determine 
Visibility  of  Radiance  Grid  Point  (I,J).  Scene  Sliced  for 
Observer 


Figure  10.  Example  of  Hidden  Line  Masking  Technique 

Used  to  Determine  Shadowing  of  Point  (1,0) 
Scene  Sliced  for  Sun 


Figure  11.  Geometric  Module 


3.3  Heat  Transfer 


Surface  temperature  is  determined  by  the  energy  fluxes  and  thermal  prop¬ 
erties  of  the  surface.  The  fluxes  considered  in  the  model  are  those  resulting 
from  solar  irradiance,  sky  irradiance,  convection  to  the  air,  self-emitted 
radiation,  latent  heat  flux  due  to  evaporation  of  surface  moisture,*  and  the 
distributed  flux  through  the  material  to  a  substrate.  The  heat  balance  solu¬ 
tion  of  the  dynamic  surface  temperature  employs  two  simplifying  assumptions. 
These  are  that  the  lateral  heat  fJux  at  the  surface  is  zero,  and  that  the 
distributed  heat  flux  to  the  substrate  can  be  calculated  using  n  discrete 
layers,  the  lowest  of  which  is  adjacent  to  a  diurnally  constant  subsurface. 

The  result  and  physical  model  and  its  equivalent  electrical  circuit  are  given 
in  Figure  12. 


Ij)  Physical  Model 
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flux  definition 
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Figure  12.  Surface  Temperature  Heat  Balance  Model. 


For  GENESSIS  I  heat  transfer  due  to  evaporation  is  neglected,  i.e., 

4>  =0. 

evap 


It. 


The  heat  balance  equation  for  the  physical  model  is 


4>  +4>  ,  +$  .  =  <t>  +$  +$  .  +<fr 

sun  sky  stored  conv  evap  emit  cond 

2 

All  fluxes  are  in  units  of  W/m  and  all  vary  with  time.  Each  of  these 
fluxes  is  expressed  as  follows. 

The  solar  irradia nee  flux,  $>  ,  is  calculated  by 

sun 

<t>  =  a(s)E  (h,  t)  cosf;  (t) 


where 


is  the  effective  solar  absorptance, 

is  the  time  dependent  angle  between  the  vector  to  the  sun 
and  the  surface  normal  vector,  and 


E  lh,t) 
sun 


is  the  time  dependent  total  solar  ir radiance  at  the  surface. 


The  solar  irradiance  at  the  surface  is  given  by 


E  (h,t)  =  E 

sun  sun,  i 


(h)  *  f  ( 'i'  ( t ) ) 


where  E  (h)  is  the  zenith  total  solar  irradiance  as  a  function  of  surface 

sun,  f 

altitude,  h,  and  f(*(t))  is  a  factor  to  correct  for  increasing  atmospheric- 
attenuation  with  increasing  time  variant  solar  zenith  angle  'i  (t)  . 

The  sky  irradiance  flux,  ^s^y’  is  computed  from  the  Idso-Jackson  formula 
4>  k  =  a  (L)  aT4  jl-.261exp  f-7 . 77xl04  (273-T^  2]  j  (4) 


where 


„  -8  2  o 

a  is  the  Stephan-Boltzmann  constant,  5.6687  x  10  W/m  •  K, 

rn  is  the  ambient  air  temperature,  and 

a(L)  is  the  effective  thermal  absorptance. 

The  convective  flux  to  the  atmosphere  is  computed  by 

:  =  t-cDW  (T-T  ) 

conv  a 


where 


is  the  ambient  air  density, 


is  the  specific  heat  of  dry  air, 


D  is  the  drag  coefficient,  empirically  determined  from  ground 
truth  data  ranging  from  0.002  to  0.01  depending  upon  the 
material, 

W  is  the  wind  speed  factor,  equal  to  1+V  where  V  is  the 

w  w 

wind  speed  in  m/sec,  and 
T  is  the  surface  temperature. 

The  latent  heat  flux  is  computed  by 

$  =  0. 622pDWe (v-v  )/P  (6) 

evap  a  a 

where 


e  is  the  latent  heat  of  evaporation, 

v  is  the  water  vapor  pressure  at  the  surface, 

v  is  the  water  vapor  pressure  of  the  air,  and 

d 

P  is  the  atmospheric  pressure. 

cl 

If  v  is  larger  than  v,  $  is  set  equal  to  zero, 

a  evap 

The  emitted  flux  is  computed  by 

*  e<L)  a  T4  (7) 

emit 

where  c  (L)  is  the  effective  thermal  emittance,  set  equal  to  ct(L)  in 
Equation  (4). 

The  conductance  flux  to  the  substrate  is  computed  by 


<t>  , 

cond 


g  (T-T  ) 
s 


where  g  is  the  conductance  to  the  substrate,  equal  to  £  *K  where  £  is 
the  depth  at  which  the  soil  is  diurnally  constant  and  K  is  the  soil  con¬ 
ductivity,  and  is  the  substrate  temperature. 

The  stored  flux  in  the  surface  layer  is  computed  by 

$  =  £  C  T  (t+At)  -  T  (t )  /At  (8) 

stored  o 

where 

£  is  the  layer  thickness, 

o 

C  is  the  heat  capacity  of  the  surface  material,  and 
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AT  is  the  time  increment. 

The  solution  for  the  surface  temperature  T  is  achieved  using  an  inter¬ 
active  method  wherein  the  surface  temperature  is  initially  chosen  as  the 
ambient  air  temperature  at  midnight,  and  the  heat  balance  equation  is  itera¬ 
tively  evaluated  in  time  increments  At  (usually  set  equal  to  30  minutes) . 
This  iteration  is  continued  until  successive  diurnal  cycles  match,  commonly 
occurring  within  three  days. 

This  procedure  is  used  to  produce  a  data  base  for  selected  materials 
within  the  scene.  The  data  base  consists  of  temperature  and  four  indepen¬ 
dent  variables.  All  independent  variables  are  varied  over  a  sufficient 
range  so  as  to  bracket  all  conditions  that  may  be  encountered  in  the  scene. 
These  independent  variables  are: 

1.  Peak  solar  irradiance, 

2.  Air-surface  convective  flux, 

3.  Substrate-surface  conductive  flux,  and 

4 .  Time . 

The  data  base  is  compressed  using  a  technique  by  which  only  the  j  most 
informative  time  points  are  retained  of  the  i  that  were  calculated.  This 
results  in  a  significant  reduction  in  size  of  the  data  base  (  i  usually  48, 
j/i  usually  1/6)  with  little  reduction  in  accuracy.  The  stored  data  base 
consists  of  four  values  of  solar  irradiances,  four  values  of  convective  flux, 
three  values  of  conductive  flux  and  eight  values  of  solar  elevation  angle 
( rad ians)  . 

The  heat  transfer  module  contains  data  for  9  materials  of  the  14  total 
materials  within  GENESSIS  I  (see  Appendix  2).  The  14  materials  are: 


GENESSIS  Material  Numbers 

1* 

2* 

3 

4 

5 

6 

7* 

8 

9 

10 

11* 

12 

13 

14* 


Material 

Water 

Forest  (Broadleaf) 
Irrigated  Low  Vegetation 
Scrub 

Urban  Commercial 

Sand 

Ice 

Rock 

Soil 

Grass 

Clouds 

Asphalt 

Urban  Residential 
Forest  (Pine) 


it 

Heat  transfer  calculations  are  not  performed  on  materials  1,  2,  7,  11 
and  14. 
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Surface  temperatures  for  the  5  remaining  materials  (i.e.,  1,  2,  7,  11 
and  14)  are  set  equal  to  the  local  ambient  air  temperature.*  Ambient  air 
temperature  varies  with  altitude  and  is  computed  from  the  user  specified  sea 
level  air  temperature  and  the  atmospheric  lapse  rate.  The  lapse  rate  is 
approximately  linear  for  each  of  the  six  standard  model  atmospheres  between 
0-10  km.  The  least-squares  lapse  rates  used  by  GENESSIS  I  are  given  in 
Figures  13-18. 

To  perform  a  GENESSIS  execution  the  user  must  specify  the  local  air 
temperature  and  the  subsoil  temperature.  Monthly  mean  temperatures  are  good 
first-order  approximations  to  the  subsoil  temperature.  These  data  are  given 
in  Tables  1-4  for  each  of  the  five  generic  scenes  provided  with  GENESSIS  I. 

3 . 4  Radiance  Module 

The  radiance  module  computes  observer  apparent  pixel  radiances  from  the 
viewer-perspective  shadow  files  created  by  the  geometric  module.  If  it  is 
visible,  an  apparent  radiance  is  computed  for  each  of  the  grid  points  gen¬ 
erated  by  the  geometric  modules'  bi-cubic  spline  fit  to  the  scene  data. 

Pixel  radiances  are  computed  from  these  individually  calculated  grid  point 
radiances.  The  apparent  radiance  of  a  specific  grid  point  is  composed  of 
four  terms  combined  additively.  These  include  reflected  solar,  thermal  emis¬ 
sion,  reflected  skyshine  and  path  radiance. 

3.4.1  Reflected  Solar 

The  apparent  reflected  solar  component  is 

N  =  o  <t>  (h)  cos  G 

solar 

solar 

where 

p  =  surface  in-band  diffuse  reflectance  (bi-directional  reflectance 
for  clouds) , 

$  (h)  =  computed  fit  to  apparent  reflected  solar  versus  altitude  (sup- 

solar  plied  by  atmospheric  module) , 

h  =  surface  altitude  in  km,  and 

1  =  local  sun  zenith  angle  (the  angle  between  the  vector  to  the 

sun  and  the  surface  normal) . 

* 

For  ice,  the  temperature  cannot  exceed  0°C. 


TEMPERATURE  <K)  TEMPERATURE  (K) 


Figure  13.  Tropical  Model  Atmosphere  Lapse  Rate 


Figure  14.  Midlatitude  Summer  Model  Atmosphere  Lapse  Rate 


TEMPERATURE  (K) 


00 


Figure  15.  Midlatitude  Winter  Model  Atmosphere  Lapse  hate 


Figure  16.  Subarctic  Summer  Model  Atmosphere  Lapse  Rate 
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Figure  17.  Subarctic  Winter  Model  Atmosphere  Lapse  Rate 


Figure  18.  U.S.  Standard  76  Model  Atmosphere  Lapse  Rate 


Table 


Table 


1.  Sea  Level  Air  Temperature  Data  for 
Brooks  Range  Scene. 


Month 

Temp  (K) 

Variance 

1 

260.5 

33.9 

2 

260.2 

36.0 

3 

262.7 

41.6 

4 

266.2 

38.2 

5 

270.7 

31.9 

6 

275.2 

23.9 

7 

277.8 

22.2 

8 

276.9 

21.8 

9 

274.2 

21.2 

10 

269.6 

27.0 

11 

265.4 

30.8 

12 

262.6 

30.0 

2.  Sea  Level  Air  Temperature  Data  for 
Arctic  Tundra  Scene. 


Month 

Temp  (K) 

Variance 

1 

258.4 

54.0 

2 

260.5 

54.9 

3 

268.5 

39.8 

4 

276.4 

52.3 

5 

283.5 

46.4 

6 

288.9 

39.6 

7 

292.5 

28.4 

8 

290.1 

29.8 

9 

284.6 

38.8 

10 

276.2 

40.0 

11 

268.0 

48.5 

12 

262.8 

46.4 

24 

I 


3.4.2  Thermal  Emission 

The  thermal  emission  component  is  given  by 


N 


thermal 


e  t  (h)  j2  Nd.TjdX 


where 


e 

P 

t  (h) 


h 


VX2 


N  (X , T  ) 
s 


T 

s 


surface  emissivity, 

surface  in-band  diffuse  reflectance  (1-e), 

computed  fit  to  path  transmission  versus  altitude  (supplied  by 
the  atmospheric  module)  , 

surface  altitude  in  km, 

beginning  and  ending  band  wavelengths  in  pm, 

Planck  function,  and 

equilibrium  surface  temperature  in  Kelvins  (supplied  by  the 
heat  transfer  module) . 


3.4.3  Reflected  Skyshine 

The  apparent  reflected  skyshine  component  is  given  by 

=  P  *  (h) 
sky 

=  surface  in-band  diffuse  reflectance, 

=  computed  fit  to  apparent  reflected  skyshine  versus  altitude 
(supplied  by  the  atmospheric  module) ,  and 

=  surface  altitude  in  km. 

3.4.4  Path  Radiance 
Path  radiance  is  given  by 


sky 


where 


4>  (h) 
sky 


N 


path 


4>  (h) 
path 
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where 


4  (h)  =  computed  fit  to  path  radiance  versus  altitude  (supplied  by  the 

path  atmospheric  module),  and 


h  =  surface  altitude  in  km. 


The  total  apparent  surface  radiance  returned  by  the  radiance  module  for 
a  single  grid  point  is 


N  (i)  = 


NsolU> 


N  .  (i) 

sky 


N  .  (i) 

emis 


NPath(i) 


where 


sol 


sky 

N  . 
emis 


'  path 


2 

total  apparent  grid  point  radiance  (w/cm  /sr) , 

2 

apparent  reflected  solar  radiance  (w/cm  /sr) , 

2 

apparent  reflected  skyshine  radiance  (w/cm  /sr) , 

2 

apparent  thermal  radiance  (w/cm  /sr) ,  and 

2  th 

observer's  path  radiance  (w/cm  /sr)  per  the  i  grid  point. 


Two  additional  calculations  are  made  by  the  radiance  module.  These  are 
the  total  (over  all  wavelengths)  solar  and  skyshine  irradiances  required  by 
the  heat  transfer  module. 


The  total  surface  solar  irradiance  was  approximated  utilizing  LOWTRAN 
5  path  transmissions  computed  spectrally  at  20  cm--*  resolution  in  the  0.25  to 
4.0  pm  region  (nearly  99%  of  the  sun's  total  exoatmospheric  irradiance  is 
emitted  between  0.25  and  4.0  pm)  and  a  blackbody  the  size,  distance  and 
effective  temperature  of  the  sun.  Exoatmospheric  irradiance  is  attenuated 
spectrally  and  integrated  over  wavelength  to  yield  the  total  surface  solar 
irradiance . 


Total  diffuse  sky  irradiance  is  computed  from  a  pressure  compensated 
Idso-Jackson  formulation. 


Functional  relations  between  solar  and  diffuse  sky  irradiance  and  alti¬ 
tude  are  computed  off-line  and  are  stored  as  data  for  each  of  the  six  stan¬ 
dard  atmospheres.  The  radiance  module  is  diagrammed  in  Figure  19.  Figures 
20,  21  illustrate  the  functional  relation  between  solar  and  diffuse  sky 
irradiances  and  altitude. 

Diffuse  reflectance  data  for  11  of  the  14  materials  are  given  in  Table 
5.  For  any  user-specified  spectral  band  an  average  value  is  calculated  by 
GENESSIS.  Reflectance  data  for  urban  (commercial  and  residential)  are  com¬ 
posites  of  asphalt,  irrigated  low  vegetation  and  forest.  Reflectance  data 
for  clouds  are  bidirectional  data  and  are  given  in  Appendix  2. 


27 


Figure  19.  Radiance  Module 


Air  Mass 


Figure  20.  Solar  Irradiance  Versus  Air  Mass  for  Standard 
Atmosphere  Computed  at  20  cm-1  Resolution 


Figure  21.  Pressure  Compenst.  ced  Idso- Jackson  Total 
Diffuse  Sky  Irradience  Versus  Altitude 
for  U.S.  Standard  Atmosphere 


3.5  Imagin 


A  mean  pixel  radiance  is  computed  for  each  pixel  in  the  observer's  image 
plane  from  the  weighted  sum  of  grid  point  apparent  radiances  projected  into 
that  pixel.  That  is, 


N.  = 

j 


n 

I 

i=l 


wiNi 


n 

Z 

i=l 


W; 


where 


N. 

1 


n 


W. 

l 


0. 

l 


N. 

l 


i 


mean  apparent  radiance  of  pixel  j  , 

number  of  radiance  points  projected  into  pixel  j 

weighting  factor  (equal  cos  G^), 

angle  between  surface  normal  and  vector  to  sun,  and 

apparent  radiance  of  grid  point,  and 

denotes  the  individual  grid  points  seen  by  the  jth 


pixel. 


The  geometric  module  supplies  both  surface  normal  and  projected  grid  point 
position  in  the  observer's  image  plane.  This  produces  an  N  x  M  viewer-per¬ 
spective  pixel  apparent  radiance  map.  The  image  module  is  diagrammed  in 
Figure  22. 


3 . 6  Code  Structure  Diagrams 


Structure  diagrams  for  the  geometric,  atmospheric  and  radiance  modules 
are  given  in  Figures  23-25.  These  diagrams  depict  the  relationship  between 
code  subroutines  and  their  heirarchy. 
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Figure  22.  Image  Module 
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Figure  23.  Structure  Diagram,  Cont' 


Figure  24.  Radiance  Module  Structure  Diagram 


Figure  24.  Radiance  Module  Structure  Diagram,  Cont' 


Figure  25.  Atmospheric  Module  Structure  Diagram 


4.0  SCENE  DATA  BASES 


4 . 1  Overview 


There  are  five  terrain  data  bases.  Each  was  extracted  from  Defense 
Mapping  Agency  (DMA)  data.  The  five  scenes  are:  the  California  coast,  the 
Brooks  Range  Mountains  of  Alaska,  arctic  tundra,  Middle  East,  and  Central 
Europe.  All  scenes  were  registered  with  Landsat  data  to  produce  complete 
representation  of  the  ground  cover  for  each  point. 

In  addition  to  the  five  ground  scenes,  two  cloud  scenes  are  included. 
These  represent  a  low  and  high  altitude  cloud,  both  with  a  minimum  altitude 
of  1100  meters. 

Each  scene  represents  an  area  approximately  forty  kilometers  square. 

DMA  data  is  recorded  at  uniform  angular  resolution;  scenes  at  different  lati¬ 
tudes  therefore  have  different  spatial  resolution. 


4.2  File  Structure 


Each  scene  is  composed  of  two  parts:  the  header  and  the  data. 

Header.  The  header  is  1024  16-bit  words  long.  It  contains  the  following 
information  about  the  scene:  the  number  of  columns  and  number  of  rows  of  data, 
the  scene  center  (in  longitude  and  latitude),  the  scene  center  in  X,Y,Z  co¬ 
ordinates,  the  altitude  scaling  factors,  and  the  spacing  in  kilometers  be¬ 
tween  the  data  points  in  the  X  and  Y  direction.  All  1 Routing-point  informa¬ 
tion  has  been  converted  to  an  integer  representation  and  is  reconstructed  by 
the  software. 


Data .  The  data  points  directly  follow  the  header.  There  are  (#  columns) 
times  (#  rows)  data  points  in  each  scene.  Each  data  point  is  a  16-bit  inter- 
ger  (binary)  value  and  has  two  parts:  the  lower  twelve  bits  represent  the 
altitude  of  that  point  and  the  upper  (left)  four  bits  represent  the  material 
type  assigned  to  that  point.  The  scene  is  written  in  a  row-wise  format.  The 
first  row  is  the  northernmost  row. 
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5.0  SOFTWARE  LIMITATIONS,  MODEL  CONSTRAINTS  AND  PRECAUTIONS 


The  following  is  a  list  of  limitations,  constraints,  and  precautions 
which  the  GENESSIS  user  may  find  useful. 

1.  Input  scene  data  se  is  >.  intently  limited  to  uppiuximutely 

512  x  512  it  id  [«  i.its  l,i-  a  use  d  ••input  er  size  rest!  lotions. 

2.  Output  2-U  radiance  map  is  limited  to  512  x  512  pixels. 

3.  Data  base  currently  limited  t<>  14  material  types. 

4.  Scene  and/or  cloud  altitudes  limited  to  n-lti  Km. 

5.  Observer/solar  zenith  angles  limited  to  degrees  due 

to  LOWTRAN  anomalies  at  large  zenith  angles. 

6.  Model  atmospheres  limite'd  to  the  six  standard  AFGL  models. 

7.  The  atmospheric,  geometric  and  radiance  modules  have  some 
inputs  in  common.  These  must  be  self  consistent  for  any 
single  run. 

8.  Cloud  scene  shadowing  is  currently  not  handled.  Cloud/ 
scene  radiance  maps  must  be  overlaid  to  produce  a  scene 
which  contains  clouds.  Cloud  image  pixels  which  do  not 
contain  cloud  are  assigned  zero  radiance  to  facilitate 
this . 

9.  Calculations  are  limited  to  2.5-13.0  urn. 

10.  Scene  data  bases  currently  limited  to  the  five  generic 
ground  scenes  and  two  generic  cloud  scenes  supplied. 

11.  The  image  module  currently  weights  path  radiance  which 
should  be  an  unweighted  component  of  the  apparent  radiance. 
The  error  introduced  is  small.  This  will  be  corrected  in 
Phase  II. 

12.  Surface  level  atmospheric  parameters  are  applied  uniformly 
over  the  scene.  They  are  not  spatially  variable. 


6.0  USER  SPECIFIED  INPUTS 


I AERO 1  -  Selects  the  boundary  layer 

(0-2  km)  aerosol  model. 

0,  1  -  Rural 

2  -  Urban 

3  -  Maritime 

4  -  Tropospheric 

5  -  Advection  Fog  (default  vis  <0.2 0) 

6  -  Radiation  Fog  (default  0.20  <  vis  <  1.00) 

Note:  If  1  <  vis  <  2,  the  light  fog  option 

is  used  with  IAER01. 


IAER02  -  Selects  the  stratospheric  (--10-35  km) 
aerosol  model. 

0,  1  -  Background 

2  -  Aged  Volcanic 

3  -  Fresh  Volcanic 

4  -  Meteoric  Dust 


IHAZE  -  Selects  the  upper  atmospheric 

(2-100  km)  haze  model. 

0,  1  -  Background 

2  -  Moderate  Volcanic 

3  -  High  Volcanic 

4  -  Extreme  Volcanic 
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IUPPER 


-  Allows  modification  of  haze  model 
in  upper  atmosphere  (>35  km) . 


Ml, 


0,  1  -  Normal  (model  selected  by 
IHAZE  unchanged) 

2  -  Extreme  Upper  (selects  extreme 
upper  atmospheric  haze  model) 

M2,  M3  -  The  parameters  Ml,  M2  and  M3  can  each 
take  integer  values  between  0  and  6 
and  are  used  to  modify  or  supplement 
the  altitude  profiles  of  temperature 
and  pressure,  water  vapor,  and  ozone 
respectively,  for  any  given  atmos¬ 
pheric  model  specified  by  IATM. 

Ml  =  1  selectes  the  TROPICAL  tempera¬ 
ture  and  pressure  altitude  pro¬ 
files. 

^  2  selects  the  MIDLATITUDE  SUMMER 
temperature  and  pressure  altitude 
profiles. 

=  6  selects  the  1962  U.S.  STANDARD 
temperature  and  pressure  altitude 
profiles. 

M2  =  1  selects  the  TROPICAL  water  vapor 
altitude  profile. 

=  2  selects  the  MIDLATITUDE  SUMMER 
water  vapor  altitude  profile. 

=  6  selects  the  1962  U.S.  STANDARD 
water  vapor  altitude  profile. 

M3  =  1  selects  the  TROPICAL  ozone  alti¬ 
tude  profile. 

=  2  selects  the  MIDLATITUDE  SUMMER 
ozone  altitude  profile. 

=  6  selects  the  1962  U.S.  STANDARD 
ozone  altitude  profile. 

For  most  applications,  Ml=M2=M3=0;  the 
profiles  selected  by  IATM  are  unaltered. 

VIS  -  Meterological  range  km.  Override  for 

the  boundary  layer  haze  model. 

See  Figure  26  for  details  of  the  aerosol 
models  used. 
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Figure  '.'6.  Atmospheric  Aerosol  Models  Used  By 
the  Atmospheric  Module 
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6. 2  Geometric  Module 

Card  1)  (XSW(I),  1-1,  4C)  (4012) 

ISW  -  Array  of  switches  for  debugging 

purposes . 

(0  -  Off,  1  -  On) 

Card  2)  DBG  (Al)  -  Debug  switch  (ASCII  'T'  or  ' F ' )  . 

Card  3)  CLDMIN  0-7.3)  -  Minimum  altitude  of  clouds  in  cloud 

file  (km) . 

Card  4)  (SCXUSR(I),  1=1,3)  (3E14.U)  -  User  Specified  Scene  Center. 

SCXUSR  ( 1 )  -  Altitude  (km). 

SCXUSR(2)  -  Longitude:  (DEG)  -  West,  +  East 

SCXUSR  ( 3 )  -  Latitude:  (DEG)  +  North,  -  South 

Card  5)  IDAY,  IMONTH,  IYFAR,  TIME  (315,  FR.2) 

IDAY,  IMONTH,  IYFAR  '  -  The  day,  month  and  year  of 

the  calculation.  Enter  as 
MM,  DD,  YYYY . 


TIME 


-  Time  of  run,  GMT,  (HHMM.SS). 


Card  6)  (OBSRLL(I),  1=1,3)  (3E14.6) 


-  Observer  position. 


Card  7) 


OBSRLL ( 1 ) 
OBSRLL (2 ) 
OBSRLL (3) 

NCOLS ,  NROWS 

NCOLS 

NROWS 


-  Altitude  (km) 

-  Longitude:  (DEG)  -  West,  +  East 

-  Latitude:  (DEG)  -  South,  +  North 

(214) 

-  Number  of  columns  in  satellite  image. 

-  Number  of  rows  in  satellite  image. 


Card  8)  XRESA ,  YRESA  (2E14.6) 

XRESA  -  Angular  size  of  one  pixel  in  the 

satellite  image,  in  the  horizontal 
direction  (radians). 

YRESA  -  Angular  size  of  one  pixel  in  the 

satellite  image,  in  the  vertical 
direction  (radians) . 


Fortran  Read,  Write  or 
Unit _ Read/Write 

5  R 

6  W 


11 

12 

13 

14 


W 

W 

R 

W 


FILE  UNITS 
ASCII  or 

Binary _ File _ 

B  Scene  data  base. 

B  Pseudo  radiance  used  to  display 

visible  image  produced. 

B  Shadow  file. 

B  Visibility  file. 

A  User  specified  input  list. 

A  ASCII  echo  of  inputs  list. 


6.3  Radiance  Module 


Card  1)  IATM ,  TMONTH,  IDAY ,  I YEAR,  TIME  (415,  F10.2) 

IATM  -  Standard  LOWTRAN  Model  Atmosphere. 

1  -  Tropical 

2  -  Midlatitude  Summer 

3  -  Midlatitude  Winter 

4  -  Subarctic  Summer 
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5  -  Subarctic  Winter 

6  -  U.S.  Standard  76 

The  atmosphere  selected  must  be  the 
same  as  that  in  the  atmospheric  data 
base  file  selected. 

IMONTH,  IDAY,  I YEAR  -  The  month,  day  and  year  of 

the  calculation.  Enter  as 
MM,  DD,  YYYY . 

TIME  -  Time  in  hours  (GMT)  of  calcu¬ 

lation  (24  hour  clock,  HHMM.SS). 

Card  2  )  WLB,  WLE,  ALT,  LONG,  LAT  (5F10.2) 

WLB,  WLE  -  Beginning  and  ending  bandpass  wave¬ 

lengths  in  microns.  These  inputs 
must  be  the  same  as  those  in  the 
atmospheric  data  base  file  select  d. 

ALT  -  Observer  altitude  in  km. 

LONG,  LAT  -  Longitude  and  latitude  of  observer’s 

NADIR  point  (sub-satellite  point)  in 
degrees . 

Longitude:  -  West,  +  East 

Latitude:  -  South,  +  North 

Card  3)  SCNALT ,  SCNLNG ,  SCNLAT  (5F10.2) 

SCNALT  -  Scene  stare  point  (scene  center) 

altitude  in  km. 

SCNLNG,  SCNLAT  -  Scene  stare  point  (scene  center) 

longitude  and  latitude  in  degrees. 

Longitude:  -  West,  +  East 

Latitude:  -  South,  +  North 

These  values  override  the  default  values 
read  from  the  scene  header. 

Card  4)  NCOL,  NROW  (215) 

NCOL ,  NROW  -  Number  of  columns  and  rows  in  observer's 
apparent  radiance  pixel  map.  These  are 
used  to  determine  the  scene  F.O.V.  extent 
(see  Card  6  below) . 
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Card  5)  TAIR,  TSSL  (5F10.2) 

TAIR  -  Sea  level  air  temperature  in  degrees  K. 

This  is  a  24  hr.  diurnal  average  air 
temperature . 

TSSL  -  Temperature  of  the  sub-soil  layer.  The 

temperature  of  that  layer  of  sub-soil 
which  does  not  vary  with  the  diurnal 
cycle  of  air  temperature.  In  general, 
the  mean  monthly  air  temperature  is  a 
good  first  approximation  to  the  sub-soil 
temperature  ,.ieu  pgs.  -M-2!j). 


Card  6)  XRES,  VRES  (5F10.2) 

XRES,  YRES  -  The  angular  extent  of  one  pixel  in  the 
observer's  field  of  view  in  radians  in 
the  X  (vertical)  and  Y  (horizontal) 
directions.  The  total  field  of  view  is 
then  NCOL  *  XRES  by  NROW  *  YRES. 


FILE  UNITS 


Fortran 

Unit 

Read,  Write  or 
Read/Write 

ASCII  or 
Binary 

File 

5 

R 

A 

User  input  file. 

6 

W 

A 

ASCII  output  file.  Run  time 
diagnostics  and  statistics  are 
written  here. 

7 

R 

A 

Atmospheric  data  base  file  gen¬ 
erated  by  the  atmospheric  moduli 

8 

R 

A 

Heat  transfer  data  base. 

9 

R 

A 

Monte  Carlo  cloud  bi-directional 
reflectance  data. 

11 

R 

A 

Spectral  material  diffuse  re¬ 
flectance  data. 

12 

R 

B 

Scene  data  base. 

13 

R 

B 

Shadow  file  generated  by  geomet¬ 
ric  module. 

14 

R 

B 

Visibility  file  generated  by 
geometric  module. 

17 

W 

B 

Pixel  apparent  radiance  file. 
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APPENDIX  1 


A  detailed  description  of  the  algorithm  is  given  here,  extracted 
verbatim*  from  W.  Wilson,  "Solar  Ephemeris  Algorith,"  University  of 
California  Visibility  Laboratory,  La  Jolla,  CA,  July  1980. 

This  section  describes  the  algorithm  itself  in  terms  of  its  logical 
flow  and  various  equations  and  tables  used. 

All  values  computed  are  in  degrees  and  fractions  of  degrees  For  printing  purposes,  many  times 
values  are  first  converted  to  the  form  xx’ xx  xx  or  xx*  xxm  xx?  The  function  routine  which  does  this 
is  called  TOHMS. 


3.1.  STEPS 

STEP  1  Compute  p23  -  7,  fraction  of  century  from  1900  JAN  0*  12*  ET 

This  routine  first  computes  the  number  of  days  since  1900  JAN  0d  12'’  ET.  The  algorithm  used 
yields  a  value  of  694038.5  for  this  date.  Thus,  this  value  is  subtracted  to  yield  the  actual  number  of 
days  Because  the  algorithm  does  not  take  proper  account  of  the  leap  year  century  years  (i.e. 
1800.1900)  additional  days  need  to  be  added  for  these  and  preceeding  years.  To  the  number  of  whole 
davv  the  standard  local  time  (in  days)  and  the  observer’s  longitude  is  added  to  get  the  conect  time; 
p22  *  J  since  1900  JAN  O’*  12*  ET.  This  is  then  divided  by  36525,  the  number  of  days  in  a  century,  to 
obtain  the  fraction  of  century,  p23  Thus, 


P 23-  T 


36525 


(28) 


*  Used  with  permission. 
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STEP  2(a)  Compute  the  mean  longitude  of  sun  referenced  to  mean  equinox  of  date  •  p24  *•  L 


p24-  L  -  279 “69668  +  Of  98564  73354  p 22  +  3“03  ■  10"4  •  p232 


(29) 


Note  that  all  values  are  converted  to  the  range  of  0-360°  by  using  the  function  rruxKx, 360),  which 


is  defined  as  the  remainder  of  the  division 


360 


STEP  2(b)  Mean  anomaly  of  sun  -  p25  “  M 

p25  -  M  -  358 “47583  +  0°98560  02670  p22  -  0°00015  ■  p232  (30) 

-  3°  10-h  ■  p233  . 


STEP  2(c)  Eccentricity  -  p26  -  e 

p 26  -  *  -  0.01675104  -  4.18  10~5  p2 3  -  1.26  10“7  ■  p232  (31) 


STEP  3  Compute  eccentric  anomaly  -  pi 3  —  E  from 

M  -  E  -  e  ■  sin  £  ,  (32) 

or 

p25  -  p  13  -  p2 6  •  sin(pl3)  . 

This  transcendental  equation  is  solved  for  pl3  by  successive  approximation.  When  the  change  in 
pi 3  is  smaller  than  10~8,  iteration  is  stopped. 


STEP  4  Compute  true  anomaly  -  p27  -  ('from 


V  •  2  tan’1 


if 

sign(V)  #  sigrt(E).  Then  V  -  V  +  lg0°, 


(33) 


(34) 


l-i 


I 


if 

r  <  0.  Then  V  -  V  +  360e. 
or 


p21  »  2  tan' 1 


Vi  +  p2b 

tan 

£13 

s/I  -  p 26 

2 

or  if 


sign(p21)  #  stj?n(/>13>.  Then  />27  =  /> 27  +  180' 
or  if 

P 27  <  0.  Then  p 27  -  pH  +  360°. 


(35  > 


STEP  5(a)  Compute  radius  vector  -  R 

R  -  10  -  e  cos (£)  . 
or 

-  1.0  -  p  26  cos(p  13) 


STEP  5(b)  Compute  aberration  -  pJ9  «  AX* 

p29  =  dx  < 


-20  47  1  0 

R  3600’ 


(36) 


(37i 


STEP  5(c)  Compute  mean  obliquity  -  p43  ••  tm 

p43  -  *.  -  23 "4522^4  -  0°0130125  p23  -  I  r64  10  *  /.  23 +5*03  10  1  p23’  .  (38) 


STEP  5(d)  Compute  mean  ascension  - 

p45  -  o„  -  274  6900832  +  O'WsMT.U  /> 22  -  3'  S'08  10  4  p23:  ( 3vj . 
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STEP  6  In  this  step  all  perturbations  due  to  the  moon  are  computed. 


The  variable  p#  controls  the  degree  of  approximation  of  the  algorithm.  If  p8<  2,  the  perturba¬ 
tions  due  to  the  moon  are  included  in  the  algorithm. 

These  require  the  initial  computation  of  four  quantities  which  are: 

moon's  mean  anomaly  -  p28  -  / 
moon’s  mean  elongation  -  p30  —  D 
moon’s  longitude  of  ascending  mode  -  p3I  —  H 
moon's  mean  longitude  -  p32  —  y. 

Note  that  D  —  y  -  L  where  L  —  mean  longitude  of  sun. 


p28  -  /  -  296°.  104608  +  1325  360°  p23  +  198°8491083  ■  p23  (40) 

+  0°.00919167/>232  +  1  °4388  •  10~5  •  p233 

p30  -  D  -  350°737486  +  1236  360°-  p23  +  307*1142167  ■  p23  (41) 

-  1  “436  •  10~3  ■  p232 


p3\  -  ft  -  259*183275  -  5  •  360*  p23  -  134*14200  p2l  (42) 

+  2*0778-  10~3  •  p22? 

p32  -  y  -  270*434164  +  1336  •  360°  p23  +  370*8831417  p23  (43) 

-  1  °.1333xlO~3  ■  p23J  . 


The  perturbation  of  the  earth’s  orbit  due  to  the  mass  of  the  moon  is  p33  —  AX, 

where  p  33  -  6  "454  sin  D 
+  0 " 01 3  sin  3D 
+  0".  177  sin  (D+/) 

-  0  "424  sin  (D-l) 

+  0".039  sin(3D-/) 

-  0  "064  sin  (D+A/) 

+  0  172  sin  (D-M) 


(44) 


Note  that  D  -  p30.  I  -  p28.  M  -  p25. 

The  moon  also  causes  nutation  of  the  solar  longitude.  Ai/>,  and  obliquity  of  the  ecliptic,  Aa.  As 
mentioned  earlier,  this  nutation  is  in  terms  of  a  power  series  with  up  to  60  terms.  Table  3  has  a  listing 
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Note  T  n  ihe  frtciion  rW  cemur>  ooeffmeni  defined  m  ihe  ten 


(45) 


of  the  terms  of  this  power  series.  The  form  of  etch  term  in  the  series  is 

S  sin(o/  +  bM  +  cF  +  dD  +  eft) 

for  nutation  in  longitude,  and 

S  cos  (a!  +  bM  +  cF  -t-  dD  +  e  ft)  (46) 

for  obliquity,  where  F  —  L  -  ft. 

The  algorithm  as  presently  implemented  uses  only  5  terms  for  longitude  and  4  terms  for  obliquity. 
If  a  higher  degree  of  accuracy  is  desired  more  terms  may  be  added.  The  terms  presently  used  are  in 
bold  face  in  Table  3. 

The  nutation  in  longitude  is  p34  —  Atf». 

The  nutation  in  obliquity  is  p35  —  Ae. 

The  moon  also  has  a  perturbation  effect  on  the  solar  latitude.  For  the  accuracy  of  the  present 
algorithm,  this  effect  is  negligible.  For  illustrative  purposes,  however,  the  perturbation  effect  is  com¬ 
puted  in  the  event  higher  degrees  of  accuracy  are  required. 

The  moon's  mean  argument  of  latitude,  p63s  is  first  computed  by 

p63-  11  "250889  +  1342  - 360"  - p23  +  82 "02515  /723  (47) 

+  0 "0032 11  •  p232  . 

Then  the  perturbation  of  latitude  due  to  the  moon  is 

A/3  -  0".576  sin  0>63)  (48) 

+  0 "016  sin  0>63  +  /) 

-  0".047  sin  (/?63  -  /) 

+  0 "02 1  sin  (/?63  —  2  (/  -  ft))  . 


STEP  7  In  this  step  perturbations  due  to  the  planets  are  computed.  The  variable  p8  again  controls 
the  degree  of  approximation.  If  p8<  I,  the  planetary  perturbations  are  included. 

The  inequalities  of  the  long  period  in  the  mean  longitude,  6L ,  caused  by  the  planetary  masses  are 
computed  from 

P 36  -  hi  -  0".266  sm  (31.8°+  119"  p 23)  (49) 

+  ( I  "882  -  0 "01 6  p23)  sin  (57°24  +  150"27  ■  p23) 

+  0 "202  sin  (315 "0  +  893*3  •  />23) 

+  1 "089  p 23 2 

+  6  4  sin(231  "19  +  20*2  p23)  . 
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The  other  perturbations  due  to  the  planets  all  require  the  mean  anomalies  of  each  planet  which 
are  as  follows: 


VENUS: 

/>37  -  212°603222  +  162  360°  p23  +  197°803875  •  p23  (50) 

+  1  “286  10'J  p23J 


MARS 

p38  -  319°529022  +  53  ■  360°  •  p23  +  59°.8592194  p23 
+1  “8083  •  1(T4  ■  p232 

JUPITER: 

p39  -  225° 3225  +  8  360°-  p23  +  154° 583  p23 

SATURN: 

p40-  1 75 °61 3  +  3  360° •  p23  +  141°794  ■  p23  . 


(51) 


(52) 


(53) 


The  perturbations  due  to  each  planet  nay  be  computed  by  using  the  mean  anomalies  and  the 
coefficients  from  Tables  4-7.  The  coefficients  in  Tables  4-7  are  given  in  the  form  of  j,  i,  S,  and  K.  A 
single  term  has  the  form 

S  cos(A  -  jg  iM)  ,  (54) 

where  d  is  the  mean  anomaly  of  the  planet  and  M  the  mean  anomaly  of  the  sun. 

Only  the  coefficients  in  bold  face  in  the  tables  are  used  in  the  present  algorithm.  These 
coefficients  account  for  most  of  the  perturbations  in  longitude.  Further  discussion  of  this  point  is  made 
later 


The  perturbation  of  latitude  by  the  planets  is  also  negligible  for  the  present  purposes  However,  if 
needed,  a  type  of  latitude  correction  may  be  made  similar  to  the  longitude  correction.  Table  8  gives  the 
required  coefficients 
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STEP  8(a)  Compulation  of  precession  -  p42 


The  precession  is  defined  as  the  distance  the  equinox  has  moved  from  the  beginning  of  the  year 
The  rate  of  precession,  p.  is 

p  -  50  "2564  +  0 "0222  p23  .  (55) 

Thus  the  precession  is, 

p42  —  p  ( time  since  beginning  of  year)  .  (56) 

STEP  8(b)  Computation  of  apparent  (true)  longitude  -  p41  *  x 

The  apparent  longitude  of  the  sun  is  the  solar  longitude  measured  from  the  mean  equinox  of  date 
apparent  at  the  earth’s  surface,  ignoring  refraction  Thus 

X  “  ( V  —  M)  +  L  -t-  Ax  *  •+•  f>L  •+■  Ax  +  A</»  ,  (57) 

or 

/>41  —  (/> 27  —  p2S)  +  p24  +  p 29  +  p 33  +  p36  +  p34  . 

STEP  8(c)  Computation  of  obliquity  p7S  —  < 

t  -  «m  +  At  .  (58> 

or 

p75  -  p43  +  p35  . 

STEP  8(d)  Computation  of  apparent  right  ascension  -  p44  =  a 

From  equation  5) 

a  —  tar  '(tanx  cos  «)  ,  (59) 

if 

sign  a  #  sign  X  ;  the  a  -  a  +  180°,  (60) 

if 

a  <  0  Then  a  -  a  +  360  ° , 
or 

/>44  -  tan  (tan 4 1 )  cos(/»43)l  . 
if 

uyn  1  /» 44 »  #  'nyn[p 41).  Then  p 44  -  f>44  -  180 
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or  if 

p44  <  0  Then  p44  —  p44  +•  360 


STEP  8(e)  Computation  of  equation  of  time  -  p4 6  -  Eq.  T 


Eq.  T  -  a„  -  a  , 
if 

Eq  r  >  180  .  Then  Eq.  T  -  Eq.  T  -  360°. 
or 

p4b  —  p 45  -  p44  . 
or  if 

p4b  >  180°.  Then  p4b  -  p4b  —  360 0 . 


(61) 

(62) 


STEP  8(f)  Computation  of  hour  angle-  p48  -  hm 


From  Eq.  (26) 


p  48  —  p  2 1  360  +  15  •  ml 


7.5  +  p20 
15 


sign  {p 2)  -  p 20  -  180 


where  pl\  -  local  standard  time  in  fractions  of  days 
p20  -  absolute  value  of  longitude 
p  2  -  longitude  . 


(63) 


STEP  8(g)  Computation  of  local  apparent  hour  angle  -  p49  -  h, 

h,  -  Eq.  T  +  hm  (64) 

or 

p49  —  p46  +  p4  8 


STEP  8(h)  Computation  of  declination  -  p47  -  8,  from  Eq.  (1) 

8,  -  sin'1  |  costfsinAsin*  +  sin/3cos« 


(65) 


1-1) 


or 


p47  -  sin  1  cos(p60)sin(/>41)sinCp75)  +  sin(p60)cos(/>75) 


STEP  8(i)  Compulation  of  zenith  angle  -  Z  from  Eq.  (7) 

Z  -  cos"1  |  sin8,sin(t  +  cos65cos<6cos/ij  J  , 


or 


Z  -  cos"1  |  sin(p47)sin(pl9)  ■+•  cos(^47)cos(pl9)cos(/>49) 
where  pl9  -  latitude  of  observer. 


(66) 


STEP  8(j)  Computation  of  azimuth  -  A  from  Eq.  (8) 


A  -  cos  1 


sin6,cos <t>  -  cos6jSin<6cos/is 


sinZ 


(67) 


sign 


-cos6,sin/:j 

sinZ 


#  sign  (A):  Then  A  —  360  -  A  , 
or 


A  -  cos 


-i 


sin(>47)cos(pl9)  -  cosQ747)sin0>19)cos0?49) 
sinZ 


sign 


-cos(p47)sin(^49) 

sinZ 


or  if 

#  sign  (A ),  Then  A  —  360  -  A 


(68) 


The  longitude  tabulated  in  the  Nautical  Almanac  is  the  apparent  longitude  minus  the  sum  of  the  aberra¬ 
tion  and  the  nutation  of  longitude.  Therefore,  the  tabulated  quantity  is 


A.  -  (AA4  +  A0)  , 
or 

p4\  -  (p29  +  p34) 


(69) 
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3.2.  ALGORITHM  ACCURACY 


The  accuracy  of  the  solar  ephemeris  algorithm  depends  ultimately  on  the  number  of  terms  used 
for  the  perturbation  effects.  In  order  to  give  some  insight  into  the  degree  of  accuracy  achievable,  this 
section  will  explore  the  effect  of  the  various  component  parts  on  the  final  result. 

For  our  specific  requirements,  the  value  of  major  concern  is  the  apparent  zenith  angle  Z.  This 
value,  computed  from  Eq  (7),  is  a  function  of  declination  6,,  observer  latitude  <f>  and  solar  hour  angle 
A,.  Thus 

cos Z  -  sin6,sin<f>  +  cosfi^os^cos/i  .  (70) 

We  also  know 

h,-hm  +  Eq.  T  -  h„  +  am-a  ,  (71) 

or.  combining  known  quantities, 

h,  -  LMT  -  a  -  A  +  C  .  (72) 

Thus  taking  derivatives  and  assuming  the  maximum  possible  error  for  each  component,  one  obtains 

A Z  =  A8,  +  Aa  +  ALA/T  +  AA  +  A<f>  .  (73) 


It  should  be  noted  that  the  maximum  possible  error  will  not  occur  simultaneously  for  each  of  the 
components.  Thus  the  maximum  error  AA  will  occur  when  <f>— 0,  while  the  maximum  error  A8,  will 
occur  when  4>-0,  6,-0  but  h,  —  0“  or  90®.  By  doing  the  analysis  in  this  manner  however,  the  relative 
importance  of  each  component  is  illustrated. 

The  present  requirements  for  the  algorithm  have  been  to  compute  AZ  to  within  0°.l  or  6'.  If  this 
error  is  then  divided  proportionaly  among  the  five  components,  each  must  have  maximum  errors  of 
0°.02  or  72". 

3.2.1.  Latitude  and  Longitude 

Since  0°.02  of  latitude  is  1.2  nautical  miles,  this  fixes  the  required  latitude  determination.  A  long¬ 
itude  increment  of  0.°02,  in  terms  of  surface  distance  is  given  by 


0*02 
cos 4 


(74) 


However,  the  maximum  error  AA  is  proportional  to  cos4,  so  that  again  a  determination  of  A  to  within 
1.2  nautical  miles  will  give  the  requisite  accuracy 


3.2.2.  Time 

A  change  in  arc  degrees  of  0°.02  in  zenith  angle  is  equivalent  to  4.8  seconds  of  time.  Again,  this 
is  proportional  to  cos4,  so  that  at  higher  latitudes  this  requirement  is  relaxed. 

3.2.3.  Declination 

Declination  is  computed  using  Eq  (4).  Thus, 

sin8,  -  sink  •  sin*  ,  (75) 


l-l  t 


l 


and  therefore 


AS, 


sinAcos* 

cosSj 


At  + 


cosAsint 
cos 6, 


AX  . 


(76) 


Since  t,  the  obliquity  is  on  the  order  of  23°. 5,  the  maximum  error  for  At  +  AX  is  on  the  order  of 

AS,  -  At  +  0.4xAA  .  (77) 


For  AS,  —  0°.02,  and  dividing  maximum  error  proportionaly 

At  -  36" 
and 

AX  -  90"-  1'  30”  . 


(78) 


3.2.4.  Right  Ascension 


From  Eq.  (5),  right  ascension  a  is  computed  as 

tana  -  tanX  ■  cose  , 
or 


A  a 


sec2  A  cose 
sec2a 


•  AX  + 


tan  A  sine 
seda 


-  At  . 


(79) 

(80) 


Putting  in  values  for  maximum  error,  the  relationship 

Aa  —  AX  +  0.7  ■  Ac 


is  obtained. 


For  A  a  -  0°  02  and  dividing  the  maximum  error  proportionally. 

At  -  90"-  1 '30" 
and 

AA  -  36". 


(81) 


(82) 


3.2.5.  Obliquity  and  Solar  Longitude 

The  analysis  of  errors  due  to  declination  and  right  ascension  shows  that  in  general  for  A Z  —  0°.l, 
the  error  in  obliquity  At  should  be  less  than  36".  This  is  also  true  for  the  error  in  solar  longitude  AX. 

The  mujor  source  of  error  in  obliquity  is  the  inclusion  of  the  nutation  of  obliquity  A*.  Addition 
of  all  of  the  coefficients  for  nutation  of  obliquity  found  in  Table  3  gives  the  sum  10"04.  If  the  four 
highest  terms  arc  summed  the  value  9". 94  is  obtained 

Thus  the  maximum  possible  error  in  obliquity  is  not  36"  but  on  the  order  of  10"  If  the  four  larg¬ 
est  terms  for  nutation  of  obliquity  are  used  this  reduces  the  maximum  error  to  0".l  Therefore  the 
maximum  error  for  longitude  AA  may  be  increased  to  62"  or  72" 
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The  errors  in  the  computation  of  longitude  are  listed  in  Table  9  along  with  the  corrections  used  in 
the  present  algorithm.  The  errors  are  computed  by  adding  the  coefficients  given  in  Tables  3  and  4. 


Table  *. 


Ail  Correction* 

AJgonUMn 
Corr  among 

I>Tmi 

Nuuuon  of  Long  A# 

ir  3* 

irw 

J 

Moon  perturbation  of  long  SAm 

r  )4 

T 

Inequalities  of  Long  Penod  tL 
Perturbations  of  Planets 

r  14 

rM 

3 

VENUS 

in> 

14'  II 

4 

MARS 

r  02 

5*  60 

4 

JUPTTER 

H-»S 

14- -*1 

5 

SATURN 

r  04 

(T  74 

2 

TOTAL 

77-  12 

73-  37 

It  can  be  seen  from  Table  9  that  the  maximum  error  AX  is  about  78".  This  is  just  16"  higher  than 
the  maximum  allowable  error  of  62"  from  A Z  —  0°.l.  Since  this  is  the  maximum  allowable  error,  the 
computation  of  X  without  any  nutation  and  perturbation  corrections  should  allow  Z  to  be  computed  to 
within  0°.  1  under  most  conditions. 

The  addition  of  the  nutation  terms  in  the  obliquity  and  longitude  calculations  using  only  those  9 
terms  used  in  the  present  algorithm  will  reduce  the  maximum  allowable  error  in  longitude  to  49"  which 
is  well  within  the  requirement. 

The  use  of  all  the  terms  for  nutation  and  perturbations  in  the  present  algorithm  reduces  the  error 
in  longitude  computation  on  the  order  of  4"5.  This  degree  of  accuracy  is  far  greater  than  is  needed  for 
most  applications.  Their  inclusion  has  been  merely  an  illustration  of  the  technique  required  for  a  highly 
accurate  solar  ephemens. 

3.2.6.  Sample  Results 

To  show  the  accuracy  of  the  algorithm,  the  ephemeris  for  four  days  have  been  computed  and 
tabulated  below.  They  are: 

Table  10  1786  MAY  3,  17*  30"  GMT 

Table  11  1960  MAR  I,  0*  GMT 

Table  12  1979  JAN  I,  0*  GMT 

Table  13  1979  JUL  1,  0*  GMT 

The  first  date  was  chosen  because  Newcomb  used  this  date  as  an  example  as  to  how  to  use  the 
‘tables’  The  second  date  is  used  in  the  Supplement  as  an  example,  and  the  last  two  are  merely  illustra¬ 
tive  of  the  accuracy  for  the  year  1979. 

For  each  date  the  computations  have  been  made  for  the  approximations  noted  in  the  sections 
above  The  first  uses  the  full  algorithm,  the  second  excludes  planetary  effects,  while  the  third  excludes 
lunar  and  planetary  effects 
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Table  1®  .17*4  MAY  4  S»J<P  GMT 


Namuat 

Almanac 

Algorithm 

Full 

A-'  **h» 
no  —man 
effect* 

IH 

— 

Longitude  lot  Mean  Equmoi  of  Due 

43"  HN9-  5 

43*  MT3I-7 

4 r  JO'S?*  3 

4 r  50*54-  6 

Reduction  10  Apparent  Longitude 

-4"  02 

-6"  11 

6“  11 

2tr  21 

Latitude  (or  ecliptic  of  Due 

-o-oi 

0*  02 

Precesuon  in  Longitude  from  17160  to  Date 

ir  06 

17-22 

I?"  22 

IT2J 

Nuution  in  Longitude 

I4"26 

14-17 

14-17 

Nutation  in  Obhquity 

4"  13 

4“30 

4-JO 

ObtKjuity  of  Ecliptic 

25*  28*05  “8 

23*  21*05-1 

23*  2T05”  1 

23*  2T0r  5 

Apparent  Right  Ascension 

■ 

2h4'mll‘4 

2h4«m20‘  1 

2h4)“l|»0 

Apparent  Derttnauon 

i6r  otrwr  o 

16*  00*51- 1 

16*  004J-9 

Radius  Vector 

l  00*43 

1  009- 

1  0093 

10093 

j  ET  of  fcphemcm  Tranpi 

’ 

llh«'m30M 

nb)nm30‘6 

llhS4m29»4 

•Note  iKai  previous  to  192)  GMT  w  measured  from  Greerwicti  norm  Thus  Sewcomb  computed  teriemem  (or  1714  May  3  17^30*"  GMT 


Table  II.  19*0  march  i gmt 


— 

Nautical 

Almanac 

Algonihm 

Full 

Algonrthm 
no  ptanciary 
effects 

Algorithm 
no  lunar 
effects 

Longitude  for  Mean  Equmoi  of  Date 

346*  26  23-  5 

346*  26*24-  3 

346*  26*04*  5 

346*  26*01“  9 

Reduction  to  Apparent  Longitude 

•21“  37 

•21-45 

•21"  45 

•207  42 

Latitude  for  ecliptic  of  Date 

-0-65 

•0"  61 

•0-57 

Precession  m  Longitude  from  I960  0  to  Date 

9“  04 

roi 

9-01 

9-01 

Nutation  in  Longitude 

•0-74 

-0-62 

•0-62 

1  Nutation  m  Obliquity 

•r  t4 

-r  69 

-r  69 

OWkjuiiv  of  Ecliptic 

23*  2631-2 

23*  26  31“  2 

23*  26  3T2 

23*  26  40*  0 

Apparent  Right  Ascension 

23hIOm04'  1 

23hIOm04'  ] 

23l'l0m02»  9 

23h10m02*9 

Apparent  Decli nation 

■?*  2116“  3 

5*  2116-0 

5*  21*23-7 

-5*  21*25-7 

Radius  Venor 

9925 

9925 

9925 

9925 

ET  of  Ephemcm  Transit 

12l’1lm0S,l 

IJhIIm05’7 

irNi-’W) 

I2**l  lm04*.S 

Table  12.  ire  jan  i  of  gmt 


Nautical 

Almanac 

Algonthm 

Full 

Algonthm 
no  ptaneiary 
effects 

Algonthm 
no  lunar 
effects 

Longitude  for  Mean  Equmo*  of  Date 

279*  56*14  90 

2?9*  58*16'  3 

279*  58  I6-? 

279*  5l‘ir  4 

Reduction  to  Apparent  Longitude 

22"  66 

•22“6* 

22-  88 

-20-82 

Latitude  for  ecliptic  of  Date 

0-60 

0*  21 

0*  38 

Precession  in  Longitude  from  1979  0  to  Date 

♦  o-oo? 

-0*  03 

-V  03 

-<ro3 

Nutation  in  Longitude 

•r  047 

2  059 

2“  059 

Nutation  in  Obliquity 

■r  743 

9"724 

■9-  7J4 

. 

Obliquity  of  Ediptic 

23*  20*21“  46? 

23*  26  2P  5 

23*  26*21“  5 

23*  26*31-3 

Apparent  Right  Ascension 

l»h43m21’6* 

llh4)m2l‘7»  |  l»l'41m2l,« 

lth4Jm22"  1 

Apparent  Declination 

■  23*  03  53"  8 

•23*  03  54  l 

23*  03  53  9 

23*  04*03'  6 

Radius  Vector 

09633336 

9*33 

9133 

9633 

FT  of  Ephemem  T  ransit 

I2s0)m23'4l 

I2h03m23'5 

I5b03m53»  5 

15*H)3m2J,l 

Table  IJ.  1979  jul  i  o'1  gmt 


r~  - 

Nautical 

Almanac 

Algorithm 

full 

Algorithm 
no  planetary 
effects 

Algorithm 
no  lunar 
effects 

Longitude  for  Mean  Eovirxn  of  Date 

9T  35  43  40 

96*  J<4)  4 

9T  35  43-1 

98*  35  42‘  6 

Reduction  to  Apparent  Longitude 

-25“  2? 

25  1) 

25  33 

20-  1) 

Latitude  for  ecliptic  of  Date 

+  02 

'  15 

r  12 

Pr  ocean  on  in  Longitude  Irom  I9’9  0  to  Date 

2<  353 

24  IR 

24-1$ 

24  86 

Nutation  in  Longitude 

'  1 19 

«*  19 

5“  19 

Nutation  m  Obliquity 

9  271 

9  2' 

-9*  25 

Obfiquity  of  Ecliptic 

23’  26  21  74’ 

23*  26  21“  8 

23*  26  21-8 

23*  2631-0 

Apparent  Right  Aatemion 

bh|7m23*4' 

4c 

fhrmjjs  v 

4h37*"23*  1 

Apparent  Declination 

?1*  09  40  (» 

:v  09-an  o: 

23*  09-40  1 

23*  09’ 41"  9 

Radius  Vector 

1  0166619 

1  016’ 

1  016* 

1  0167 

E  T  of  Ephemens  7  tansr 

i?ho’m4flv6:  , 

l.’N"m4i>'<  j  I3h0'm40*4 
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APPENDIX  2 


GENESSIS  Heat  Transfer  and  Reflectance  Data  Bases 
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Table  A2-1.  Heat  Transfer  Data  Base 


3 

4  4  3  8 

0  000  220  940  '6  13  441  944  482 

240  00  273  00  284  00  300  OO 

-60  00  0  00  40  00 


Solar  Irradiance  Values 
Convective  Flux  Values 
Conductive  Flux  Values 


(Solar 

,’Elevat 


-1  560 

-1  560 

-1  557 

1  553 

1  554  • 

1  '.*‘.<4 

1  557 

1  560 

248  7 

248  7 

24©  7 

248  7 

248  7 

240  / 

248  7 

240  7, 

-1  560 

-I  560 

~l  557 

1  553 

1  554 

1  W* 

1  557 

1  560 

259  9 

259  9 

260  0 

260  0 

260  0 

260  0 

260  0 

259  9 

-1  560 

-1  560 

-1  557 

1  553 

1  554 

1  M.4 

1  557 

1  560 

271  2 

271  2 

27 1  3 

27J  3 

271  3 

271  :* 

271  3 

271  2 

-1  560 

-1  560 

-1  557 

1  553 

1  554 

1  554 

1  557 

1  560 

261  5 

261  5 

261  6 

261  6 

261  6 

261  6 

261  6 

261  5 

-1  560 

-t  560 

-1  557 

1  553 

1  554 

1  554 

1  557 

1  560 

272  8 

272  0 

272  9 

272  9 

272  9 

272  7 

272  9 

272  0 

-1  560 

-1  559 

-1  557 

1  553 

1  554 

1  554 

1  557 

1  560 

284  2 

204  2 

204  2 

284  2 

284  2 

204  2 

284  2 

284  2 

-1  560 

-1  557 

1  553 

1  554 

1  554 

1  554 

1  557 

1  560 

274  5 

274  5 

2  74  5 

274  5 

274  5 

274  5 

274  5 

274  5 

-1  560 

-1  557 

1  553 

1  554 

1  556 

1  556 

1  557 

1  560 

CO 

tfi 

CO 

285  8 

285  0 

285  0 

205  0 

285  0 

285  e 

285  0 

-1  560 

“1  560 

-1  559 

-1  557 

1  553 

1  554 

1  557 

1  560 

297  2 

297  2 

297  2 

29  7  2 

277  2 

297  2 

297  2 

297  2 

-1  560 

-1  560 

-1  557 

l  553 

1  554 

1  554 

1  557 

1  560 

200  4 

208  4 

288  4 

200  5 

288  5 

281  <  5 

288  4 

280  4 

-1  560 

-\  559 

-1  557 

1  553 

1  554 

1  554 

1  557 

1  560 

299  e 

299  q 

299  8 

299  g 

279  8 

297  5 

299  0 

299  0 

-t  56  0 

-  1  559 

-l  559 

-  1  557 

1  553 

1  554 

1  557 

1  560 

31  1  2 

31  1  2 

311  2 

31  1  2 

31  1  3 

311  :< 

311  2 

311  2 

-  1  4  4  5 

-  1  320 

-  1  226 

-1  033 

1  185 

1  271 

1  392 

2  004 

249  J 

250  1 

250  0 

252  3 

251  2 

250  4 

249  7 

246  2 

-l  445 

-1  320 

-1  226 

-1  033 

1  185 

1  271 

1  392 

2  004 

260  6 

261  5 

262  1 

263  7 

262  5 

261  7 

261  0 

257  4 

-  i  445 

1  j  40 

1  320 

-  1  226 

1  033 

1  271 

1  392 

2  084 

2  "  1  Q 

272  6 

2  72  0 

27 3  5 

27  5  1 

272  1 

272  4 

260  5 

^Elevation 
(Angle  (rad) 

Temperature 


See  P.  i 'J  fur  further  explanation. 


Reproduced  from 
best  available  copy. 
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-1  445 

-1  320 

-1  226 

-1  033 

1  185 

1  ;*vi 

1  392 

2  084 

262  2 

263  1 

263  8 

265  3 

264  2 

263  :« 

262  7 

259  0 

-1  445 

-J  340 

-1  320 

-1  226 

-1  033 

l  ;"/] 

1  392 

2  084 

273  5 

274  2 

274.  4 

275  1 

276  B 

274  V 

274  0 

270  1 

-1  445 

-1  340 

-1  320 

-1  226 

-1  033 

i  ;*7i 

1  392 

2  084 

284  9 

28S  6 

285  8 

286  6 

288  2 

286  1 

285  4 

281  4 

-1  445 

-1  340 

-1  320 

-1  226 

-1  033 

1  27  J 

1  392 

2  084 

275  1 

275  8 

276  0 

276  7 

278  4 

276  3 

275  6 

271  7 

-1  445 

-1  340 

-1  320 

-1  226 

-1  033 

1  27  J 

1  392 

2  084 

286  5 

287  2 

287  5 

288  2 

289  9 

28  /  7 

287  0 

283  0 

-1  445 

-l  340 

-1  320 

-1  226 

-1  033 

1  27  J 

1  392 

2  084 

297  9 

298  7 

298  9 

299  6 

301  4 

297  2 

298  4 

294  2 

-1  445 

-1  340 

-1  320 

-1  226 

-1  033 

1  271 

1  392 

2  084 

289  1 

289  9 

290  1 

290  8 

292  5 

290  4 

289  6 

285  5 

-1  445 

-1  340 

-1  320 

-1  226 

-1  033 

1  271 

1  392 

2  084 

300  6 

301  3 

301  5 

302  3 

304  0 

301  8 

301  l 

296  8 

-1  445 

-1  340 

-1  320 

-1  226 

-1  033 

1  271 

1  392 

2  084 

312  0 

312  8 

313  0 

313  7 

315  5 

312  3 

312  5 

300  1 

-1  364 

-1  178 

-0  962 

-0  510 

0  879 

1  070 

1  274 

2  607 

249  8 

251  1 

252.  7 

255  5 

253  4 

251  7 

250  6 

244  4 

-1  364 

-1  178 

-0  962 

-0  510 

0  879 

1  070 

1  274 

2  607 

261  1 

262  4 

264  1 

267  0 

264  9 

263  3 

262  0 

255  5 

-1  36< 

-1  178 

-0  962 

-0  510 

0  079 

1  070 

1  274 

2  607 

272  5 

273  8 

275  5 

270  5 

276  3 

274  7 

273  3 

266  6 

-1  36* 

-1  178 

-0  962 

-0  510 

0  879 

1  070 

1  274 

2  607 

262  7 

264  1 

265  7 

268  6 

266  5 

264  7 

263  6 

257  1 

-1  36« 

-1  178 

-0  962 

-0  510 

0  079 

1  070 

1  274 

2  607 

27*  1 

275  4 

277  2 

200  l 

278  0 

276  3 

275  0 

268  1 

-1  36* 

“1  178 

-0  962 

-0  510 

0  879 

J  070 

1  274 

2  607 

285  5 

286  9 

288  7 

291  7 

289  5 

207  n 

206  4 

279  3 

-l  364 

-1  178 

-0  962 

-0  510 

0  079 

1  070 

1  274 

2  607 

275  7 

277  t 

278  8 

281  8 

279  6 

273  0 

276  6 

269  7 

-l  36* 

-1  178 

“0  962 

-0  510 

0  879 

1  070 

1  274 

2  607 

287  1 

288  5 

290  3 

293  3 

291  1 

28*/  4 

288  0 

280  9 

i 


-1  364 
298  3 

-1  178 
300  0 

-0  962 
301  8 

-0  510 
304  9 

1  090 
300  9 

1  7/4 

297  !» 

1  500 
297  7 

2  607 
292  0 

-1  364 
289  7 

-1  178 
291  1 

-0  962 
292  9 

-0  510 
296  0 

0  879 
293  7 

1  070 
292  1 

1  274 
290  6 

2  607 
283  4 

-1  364 
301  2 

-1  178 
302  6 

-0  962 

304  4 

-0  510 

307  6 

1  090 
303  6 

1  2/4 
302  1 

1  500 
300  3 

2  607 
294  6 

-1  364 
312  6 

-1  178 
314  1 

-0  962 
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2  607 
284  8 

-1  364 
300  9 

-1  141 
303  8 

-0  962 
306  1 

-0  310 

311  6 

0.  879 
307  8 

1.  070 
304  7 

1  274 
302  6 

2  607 
294.  7 

-I  364 
311  0 

-1  141 
314  0 

-0  962 
316  3 

-0  510 
321  9 

0  879 
318  0 

1  070 
310  1 

1  274 
312  8 

2  607 
304  6 

-1  339 
250  a 

-1  077 
234  3 

-0  839 
237  3 

-0  033 
264  1 

0  756 
239  4 

1  01b 
25b  0 

1  236 
233  0 

3  109 

244  8 

-l  339 
260  6 

-1  077 

264  3 

-0  839 
267  2 

-0  033 
274  0 

0  736 
269  3 

1.  018 
26b  ^ 

1  236 
262  8 

3  109 
254  3 

-1  339 
270  3 

-1  077 
274  1 

-0  839 
277  0 

-0  033 

284  0 

0  736 
279.  2 

1  018 
27b  b 

1  236 
272  3 

3  109 
263  8 

-1  339 
263  3 

-1  077 
267  2 

-0  839 
270  1 

-0  033 
276  9 

0  736 
272  2 

1  018 ! 
260  6 

1  236 
263  7 

3  109 
237  2 

-1  339 
273  2 

-1  077 
277  0 

-0  839 
279  9 

-0  033 
286  8 

U  736 
282  1 

1  010 
270  4 

1  236 
273  3 

3  109 
266  7 

-1  339 
283  0 

-1  077 
286  9 

-0  839 
289  8 

-0  033 
296  8 

0  736 
292  0 

1  010 
280  3 

1  236 
2B3  3 

3  109 
276  2 

-1  339 
276  1 

-1  077 
279  9 

-0  839 
282  8 

-0  033 
289  7 

0  736 
284  9 

1  0J0 

261  3 

1  236 
278  4 

3  109 
269  6 

-1  339 
283  9 

-l  077 

289  8 

-0  839 
292  7 

-0  033 
299  7 

0  736 
294  9 

1  016 
291  ;* 

1  236 
288  2 

3  109 
279  1 

-1  339 
293  a 

-1  077 
299  7 

-0  839 
302  6 

-0  033 
309  7 

0  736 
304  8 

1  010 

30)  1 

1  236 
298  1 

3  109 
288  7 

-1  339 

289  8 

-1  077 
293  7 

-0  839 
296  6 

-0  033 

30  3  3 

0  736 
278  7 

1  010 

291.  (. 

1  236 
292  1 

3  109 
283  0 

-1  339 
299  7 

-1  077 
303  6 

-0  839 
306  3 

-0  033 
313  6 

0  736 
308  7 

1  010 
304  n 

1  236 
301  9 

3  109 
292  3 

-l  339 
309  3 

-1  077 
313  4 

-0  839 
316  4 

0  033 
323  3 

0  756 
318  6 

1  016 

314  0 

1  236 
311  8 

3  109 
302  1 
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-1  364 

-1  141 

-0  962 

-0  510 

0  879 

1  090 

1  274 

2  607 

398  2 

300  6 

302  4 

306  8 

303  7 

301  4 

299  6 

291  6 

-1  364 

-1  141 

-0  962 

-0  910 

0  879 

1  090 

1  274 

2  607 

289  8 

292  2 

294  0 

298  3 

295  3 

293.  0 

291  2 

283  5 

-1  364 

-1  141 

-0  962 

-0  910 

0  879 

1  090 

1  274 

2  607 

301  0 

303  4 

309  2 

309  7 

306.  6 

304.  3 

302  4 

294  9 

-1  364 

-1  141 

-0  962 

-0  910 

0  879 

1  090 

1  274 

2  607 

312  2 

314  7 

316  9 

321  0 

317.  9 

315  r. 

313  7 

305  4 

-1  339 

-1  077 

-0  899 

-0  033 

0  756 

1  0J0 

1  236 

3  109 

249  8 

292  7 

254  9 

260  1 

296  5 

253  7 

291  5 

243  5 

-1  339 

-1  077 

-0  899 

-0  033 

0  796 

1  01B 

1  236 

3.  109 

260  8 

263  7 

269  9 

271  2 

267  5 

264  7 

262  5 

254  2 

-1  339 

-1  077 

-0  899 

-0  033 

0.  796 

1  018 

1  236 

3  109 

271  7 

274  7 

277  0 

282  3 

278.6 

275.  D 

273  5 

264  8 

-1  339 

-1  077 

-0  899 

-0  033 

0  796 

1  018 

1  236 

3  109 

262  6 

269  6 

267.  8 

273  0 

269  4 

266  6 

264  3 

296  0 

-1  339 

-1  077 

-0  899 

-0  033 

0  756 

1  018 

1  236 

3  109 

273  6 

276  6 

278  8 

284  2 

280  4 

277  6 

275  3 

266  7 

-1.  339 

-1  077 

-0  899 

-0  033 

0  756 

1  018 

1  236 

3  109 

284  6 

287  6 

289  9 

295  3 

291  5 

288  7 

286  3 

277  3 

-1  339 

-1  077 

-0  899 

-0  033 

0  796 

1  01D 

1  236 

3  109 

275  4 

278  4 

280  7 

286  0 

282  3 

279  5 

277  2 

268  5 

-1  339 

-1  077 

-0  899 

-0  033 

0  796 

1  01B 

1  236 

3  109 

286  4 

289  3 

291  7 

297  2 

293  4 

290  5 

288  2 

279  2 

-1  339 

-1  077 

-0  899 

-0  033 

0  756 

1  018 

1  236 

3  109 

29?  4 

300  9 

302  8 

308  4 

304  5 

301  6 

299  2 

289  9 

-1  339 

-1  077 

-0  899 

-0  033 

0  756 

1  010 

1  236 

3  109 

289  2 

292  3 

294  6 

300  0 

296  2 

293  4 

291  0 

282  0 

-1  339 

-1  077 

-0  B59 

-0  033 

0.  796 

1  018 

1  236 

3  109 

300  2 

303  4 

309  7 

311  2 

307  4 

304  4 

302  0 

292  7 

339 

-1  077 

-0  899 

-0  033 

0  756 

1  018 

1  236 

3  109 

311  2 

314  4 

316  7 

322  3 

318  4 

315  5 

313  0 

303  4 
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APPENDIX  3 


Test  Cases 


Two  test  cases  are  presented  and  described  herein.  They  were  run  on  a 
small  section  of  the  Brooks  Range  scene.  Measured  data  from  Daedalus  exists 
for  this  scene.  All  GENESSIS  input  parameters  were  selected  to  match  the 
conditions  present  at  the  time  of  Daedalus  data  acquisition  in  order  that 
the  computed  results  may  be  compared  with  the  measured  data. 


A. 3.1.  Test  Case  I  -  Brooks  Range  (Thermal  Band) 

A. 3. 1.1  Atmospheric  Module 

Display  of  input  file  (Fortran  Unit  7)  for  Brooks  Range  thermal 

band. 


1)  3  16.76  10.4  12.5 

2)  1  1  1  1  0  0  0  23  0 
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Display  of  atmospheric  diagnostic  output  file  (Fortran  Unit  6). 

Selected  standard  atmosphere  is  represented  parametrically  for  5  zenith 
angles  and  6  altitudes.  Air  masses  are  computed  using  the  Chapman  function. 


RESULTS  FDR  BACKGROUND  ALTITUDE  ■  0  KM 

APPARENT  REFLECTED  SOLAR 


OBSERVER 

ZA 

AM 

PATH  RADIANCE  PATH  TRANSMISSION 

0  0 

1  0 

1.  299E-04  8  87SE-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

2  5S1E-05 

46  2 

1.  5 

2  433E-05 

70  B 

3  0 

2  117E-0S 

so  e 

6  0 

1  615E-05 

06  0 

12  0 

8  773E-06 

REFLECTED  SOLAR 
OBSERVER  ZEWITH  ANGLE  •  0  0 

DEGREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR:  1  09 IE- 10 


OBSERVER 


ZA 

AM 

PATH  RADI ANCE  PATH 

48  2 

1  3 

1  807E-04  8  427E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1.  0 

2  434E-05 

48  2 

1  3 

3  324E-03 

70  8 

3  0 

2  027E-03 

80  8 

6  0 

1  S30E-05 

06  0 

12  0 

8  440E-06 

REFLECTED  SOLAR 
OBSERVER  ZEWITH  ANGLE  «  48  2 
DEOREE  OF  BEST  FIT  POLYNOMIAL: 
SUM  SQUARE  ERROR  1  455E-10 


OBSERVER 


ZA 

AM 

path  radiance  path 

70  8 

3  0 

3  093E-04  7  282E-0I 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

2  122E-03 

48  2 

1  3 

2  031E-03 

70  8 

3  0 

1  7B0E-03 

80  a 

6  0 

1  368E-0S 

86  0 

12  0 

7  50 IE -06 

REFLECTED  SOLAR 
OBSERVER  ZEWITH  ANGLE  -  70  S 
DEOREE  OF  BEST  FIT  POLYNOMIAL 
SUM  SQUARE  ERROR  1  592E-10 
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OBSERVER 

ZA  AM  PATH  RADIANCE  PATH  TRANSMISSION 


80  8 

6.  0 

5  039E-04  5  517E-' 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1.  0 

1  624E-05 

48  2 

1  5 

1  557E-05 

70.  8 

3.  0 

1.  372E-05 

80.  8 

6.  0 

1.  064E-05 

86  0 

12  0 

5.  902E-06 

REFLECTED  SOLAR 
OBSERVER  ZENNITH  ANGLE  «  80  8 
DECREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR;  1  355E-10 

OBSERVER 

ZA  AM  PATH  RADIANCE  PATH  TRANSMISSION 


86.  0 

12  0 

7  75  IE-04  2  969E-I 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1.  0 

8  858E-06 

48.  2 

1.  5 

8  517E-06 

70.  8 

3.  0 

7  557E-06 

80.  8 

6  0 

5.  928E-06 

86.  0 

12.  0 

3.  348E-06 

REFLECTED  SOLAR 
OBSERVER  ZENNITH  ANGLE  -  86.  0 
DEGREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR:  1  455E-10 


ZENITH  ANGLE  SKYSHIfC  <W/CM**2/SR> 

15  l  034E-04 

45  1  368E-04 

75  3  175E-04 

PATH  TRANSMISSION 
DEOREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  1140E-12 

PATH  RADIANCE 

DEOREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  8  527E-11 


i 


1 


RESULTS  FOS  BACKGROUND  ALTITUDE  -  1  KM 

APPARENT  REFLECTED  SOLAR 


OBSERVER 

ZA 

AM 

PATH  RADIANCE  PATH  TRANSMISSION 

0.  0 

1.  0 

7  282E-05  9  329E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0.  0 

1.  0 

2  792E-05 

48  2 

1.  5 

2.  718E-05 

70.  8 

3.  0 

2  SUE-05 

80  8 

6.  0 

2.  156E-05 

86.  0 

12.  0 

1.  541E-05 

REFLECTED  SOLAR 
OBSERVER  ZEhNITH  ANGLE  «  0.0 

DEOREE  OF  BEST  FIT  POLYNOMIAL:  4 
SUM  SQUARE  ERROR:  I  5736-10 


OBSERVER 


ZA 

AM 

PATH  RADIANCE  PATH 

48  2 

l.  5 

1  023E-04  9  053E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1.  0 

2  719E-05 

48.  2 

1.  S 

2.  648E-05 

70  8 

3.  0 

2  450E-05 

80  8 

6  0 

2  107E-05 

86  0 

12.  0 

1  509E-05 

REFLECTED  SOLAR 
OBSERVER  ZEWITH  ANGLE  «  48.  2 
DEOREE  OF  BEST  FIT  POLYNOMIAL: 
SUM  SQUARE  ERROR:  1  091E-10 


OBSERVER 


ZA 

AM 

PATH  RADIANCE  PATH 

70  8 

3  0 

1  791E-04  8  325E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

2  5I7E-05 

48  2 

1  5 

2  454E-09 

70  8 

3.  0 

2  278E-0S 

80  8 

6  0 

1  968E-05 

86  0 

12  0 

1  416E-05 

REFLECTED  solar 
OBSERVER  ZEWITH  ANGLE  -  70  8 
DEOREE  OF  BEST  FIT  POLYNOMIAL 
SUM  SQUARE  ERROR  1  110E-10 


s 

I 
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OBSERVER 

ZA  AM  PATH  RADIANCE  PATH  TRANSMISSION 


80.  8 

6.  0 

3.  046E-04  7  122E-I 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0.  0 

1.  0 

2.  167E-05 

48.  2 

1  5 

2  117E-05 

70  8 

3  0 

1  974E-05 

80.  S 

6.  0 

1.  715E-05 

86.  0 

12.  0 

1.  244E-05 

reflected  solar 

OBSERVER  ZEMMITH  ANCLE  •  80  8 
DECREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR:  9  095E-11 

OBSERVER 

ZA  AM  PATH  RADIANCE  PATH  TRANSMISSION 


86  0 

12  0 

5.  155E-04  5  071E-' 

SOLAR 

ZA! 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

1.  556E-05 

48  2 

:  5 

1  523E-05 

70  8 

3  0 

1  426E-05 

80  8 

6.  0 

1  249E-05 

86  0 

12  0 

9  172E-06 

reflected  solar 

OBSERVER  ZEW1TH  ANCLE  «  86  0 
DECREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SOUARE  ERROR  1  573E-I0 


ZENITH  ANCLE  SKYSHPC  <W/CM««2/SR> 

15  6  050E-05 

45  8  039F-C5 

75  1  922E-04 

PATH  TRANSMISSION 
DECREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  1  222E-12 

PATH  RADIANCE 

DECREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  l  103E-10 
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RESULTS  FOR  BACKGROUND  ALTITUDE  *=  2  KM 

APPARENT  REFLECTED  SOLAR 


OBSERVER 

ZA 

AM 

path  radiance  path  transmission 

0  0 

1  0 

3  842E-OS  9  618E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0.  0 

1.  0 

2.  949E-05 

48  2 

1.  5 

2  904E-05 

70  B 

3  0 

2  777E-05 

80  8 

6.  0 

2.  551E-05 

86  0 

12.  0 

2  131E-05 

REFLECTED  SOLAR 
OBSERVER  ZEM^ITH  ANCLE  *  00 

DECREE  OF  BEST  FIT  POLVNOMIAL  4 
SUM  SQUARE  ERROR:  1  473E-10 


OBSERVER 


ZA 

AM 

PATH  RADIANCE  PATH 

48  2 

1.  5 

5  446E-05  9  4S6E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

2  906E-05 

48  2 

1.  S 

2  862E-05 

70  8 

3  0 

2  739E-05 

80  8 

6.  0 

2  520E-0S 

86  0 

12  0 

2.  107E-05 

REFLECTED  SOLAR 
OBSERVER  ZEMtilTH  ANCLE  »  4B  2 
DECREE  OF  BEST  FIT  POLVNOMIAL 
SUM  SQUARE  ERROR  1  255E-10 


OBSERVER 


ZA 

AM 

PATH  RADIANCE  PATH 

70  8 

3  0 

9  692E-05  9  020E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

2  783E-05 

48  2 

1  S 

2  744E-05 

70  8 

3  0 

2.  633E-05 

80  8 

6  0 

2  428E-05 

86  0 

12  0 

2  038E-05 

reflected  solar 

OBSERVER  ZEWITH  ANCLE  -  70  8 
DEOREE  OF  BEST  FIT  POLVNOMIAL 
SUM  SQUARE  ERROR  1  I10E-10 
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OBSERVER 

ZA 

AM 

PATH  RADIANCE  PATH 

80.  8 

6.  0 

1  685E-04  8  278E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1.  0 

2  565E-05 

48  2 

1.  5 

2  532E-05 

70  8 

3.  0 

2  436E-05 

80  8 

6.  0 

2  257E-05 

86  0 

12  0 

1  904E-05 

REFLECTED  SOLAR 
OBSERVER  ZEMMITH  ANGLE  =  80  B 
DEOREE  OF  BEST  FIT  POLYNOMIAL 
SUM  SQUARE  ERROR  8  276E-11 


OBSERVER 


ZA 

AM 

PATH  RADIANCE  PATH 

86.  0 

12  0 

3  002E-04  6  904E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1.  0 

2  151E-05 

48  2 

1  5 

2  126E-05 

70  B 

3  0 

2  053E-05 

80  8 

6  0 

1  912E-05. 

66  0 

12.  0 

1.  627E-05 

REFLECTED  SXAR 

OBSERVER  ZENNITH  ANGLE  «  86  0 

DEGREE  OF  BEST  FlT  POLYNOMIAL 


SUM  SQUARE  ERROR 


1  455E-10 


ZENITt 1  ANGLE  SKYSHINE  < W/CM**2/SR > 


IS 

45 

75 


3  32BE-05 

4  445E-05 
1  077E-04 


PATH  TRANSMISSION 
DEOREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  1  094E-12 

PATH  RADIANCE 

DEGREE  OF  BEST  FJT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  1  421E-10 
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RESULTS  FOR  BACKGROUND  ALTITUDE  «  4  KM 

APPARENT  REFLECTED  SOLAR 


OBSERVER 

ZA 

AM 

PATH  RADIANCE  PATH  TRANSMISSION 

0  0 

1  0 

8  949E-0e  9  887E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

3  097E-05 

48  2 

1  5 

3  080E-05 

70  8 

3.  0 

3  032E-05 

80  8 

6  0 

2  945E-05 

86  0 

12  0 

2  777E-05 

REFLECTED  SOLAR 
OBSERVER  ZEWITH  ANGLE  «  0  0 

DEGREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  1  373E-10 


OBSERVER 


ZA 

AM 

PATH  RADIANCE  PATH 

48  2 

1  5 

1  300E-05  9  835E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

3  081E-05 

48  2 

1  5 

3  065E-05 

70.  8 

3  0 

3  019E-05 

80  8 

6  0 

2  933E-05 

86  0 

12  0 

2  7&8E-05 

REFLECTED  SOLAR 
OBSERVER  ZENNITH  ANGLE  =  48  2 
DEOREE  OF  BEST  FIT  POLYNOMIAL 
SUM  SQUARE  ERROR  1  473E-10 


OBSERVER 

ZA 

AM 

PATH  RADIANCE  PATH  TRANSMISSION 

70  8 

3  0 

2  429E-0I  c  687E-01 

SOLAR 

ZA 

AM 

REFLECTED  solar 

0  0 

1  0 

3  039E-0S 

48  2 

1  5 

3  024E-05 

70  8 

3  0 

2  981 1 -05 

80  8 

6  0 

2  B99E -05 

86  0 

12  0 

2  740E-05 

REFLECTED  SOLAR 
OBSERVER  ZEWITH  an,,  i  *■  70  8 
DEGREE  OF  BEST  FIT  f'O.  vnomIAL  4 
SUM  SQUARE  ERROR  :  455E-10 
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OBSERVER 

ZA  AM  PATH  RADIANCE  PATH  TRANSMISSION 


bO  8 

6  0  4 

39BE-05  9  426E- 

SOLAR 

ZA 

AM 

reflected  solar 

0  0 

1.  0 

2  961E-05 

46  2 

1  5 

2  948E-05 

70  8 

3  0 

2  90SE-05 

80  e 

6  0 

2  833E-05 

86  0 

12  0 

2.  683E-05 

REFLECTED  SOLAR 
OBSERVER  ZENNITH  ANCLE  *  80  0 
DECREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  1  774E-10 


OBSERVER 

ZA  AM  PATH  RADIANCE  PATH  TRANSMISSION 


86  0 

SOLAR 

12  0 

8  283E-05  8  912E-' 
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RESULTS  FOR  BACKGROUND  ALTITUDE  -  10  KM 
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Display  of  atmospheric  module  output  database  (Fortran  Unit  5).  Header 
(Line  1)  contains  parameters  used  to  generate  the  database.  Lines  2-44 
contain  the  coefficients  of  the  polynomial  curve  fits  to  the  computed 
atmospheric  values. 
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A.  3. 1.2  Geometric  Module 


Display  of  input  file  (Fortran  Unit  13) . 
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Hex  display  of  the  binary  shadow  map  (Fortran  Unit  11) . 


FFFF 

CF*F 

-*FF 

F»*Ft 

:coc 

0000 

000- 

■•-OJO 

oooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FrrE 

0000 

0000 

OOOO 

oooo 

oGOO 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

F*-F  C 

0000 

0000 

OOOO 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFC 

0000 

0000 

oooo 

oooo 

cooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFF8 

0000 

0000 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFB 

0000 

oooo 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFO 

jQQ  0 

0000 

ooou 

oooo 

>-'000 

oooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

fFfO 

0000 

oooo 

oooo 

:*ooo 

cooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

r  FF 

FFFC 

C  0*00 

0000 

ooo : 

000 

.  :  oo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FfrF 

FfF8 

wOOO 

0000 

oooo 

oooo 

jOoO 

oooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFF6 

0000 

oooo 

cooo 

:ooo 

cooo 

ccoo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFF  0 

0000 

0000 

oooo 

oooo 

ocoo 

oooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFEO 

0000 

oooo 

oooo 

cooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFbO 

0000 

oooo 

oooo 

sooo 

oooo 

oooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFtO 

0000 

oooo 

oooc 

cooo 

oooo 

oooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFB 

0000 

oooo 

oooo 

cooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFC 

0000 

cooo 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFC 

0000 

oooo 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFt-F 

:ooo 

cooo 

oooo 

cooo 

OOOO 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFF 

0000 

oooo 

oooc 

cooo 

ocoo 

ccoo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFF 

aoio 

coco 

oooo 

cooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFF7 

E81F 

8000 

oooo 

oooo 

oooo 

ccoo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FF  F  7 

FC  IF 

ocoo 

oooo 

cooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFE2 

FEIF 

ccoo 

oooo 

oooo 

oooo 

ocoo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFE3 

FF  7E 

o  coo 

oooo 

oooo 

cooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFE3 

pFFo 

0800 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FrCl 

FFFC 

0000 

oooo 

cooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFC  1 

FFFC 

0780 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FF81 

FFFB 

OFFC 

oooo 

oooo 

oooo 

oooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FF80 

FFF8 

OFFC 

oooo 

oooo 

oooo 

oooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFOO 

FFF8 

OFFE 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

EFOO 

FFF  0 

OCFF 

8000 

oooo 

cooo 

oooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FECC 

7FE0 

087F 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

**FF 

FF  tO 

7FE0 

CQ7F 

oooo 

cooo 

oooo 

oooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FE36 

7F28 

007E 

ocoo 

cooo 

ooco 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FC1E 

3E30 

007F 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FC1D 

FE1D 

003F 

oooo 

OOOO 

ooco 

cooo 

oooo 

oooo 

FFFF 

FFFF 

F7FF 

F81F 

DC  IF 

003F 

ocoo 

oooo 

oooo 

oooo 

oooo 

oooo 

FFFF 

FFFF 

E3FF 

F80F 

FC  1  F 

C03E 

oooc 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

C  IFF 

FOOF 

FOOE 

003E 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

C  IFF 

F  OOF 

EOOF 

003C 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

EOFF 

E807 

FQOF 

003C 

oooc 

cooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

f  £7F 

FF97 

FE07 

00B9 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

CC3F 

FFt^ 

ffbe 

0078 

oooc 

cooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

-  EFF 

CFF  B 

FFCE 

OtFO 

ococ 

"000 

oooo 

oooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 

8  CFO 

oooc 

cooo 

cooo 

cooo 

0018 

oooo 

FFFF 

FFFF 

s-FF 

FF  ►  F 

-FFF 

EOFO 

oooc 

:ooo 

cooo 

cooo 

00 3F 

oooo 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 

F3F9 

oooc 

:ooo 

ooco 

oooo 

003F 

oooo 

FFFF 

FFfF 

FFFF 

FFFF 

E7FE 

FF7F 

BOOO 

cooo 

EOCO 

cooo 

0007 

oooo 

FFFF 

FFFF 

FFFF 

FFFF 

E^FF 

FFFF 

8000 

cooo 

-OFF 

F803 

FFC  7 

1 03C 

FFFF 

FFFF 

FFFF 

FFFF 

:cfo 

FFFF 

EOOO 

:coo 

f  :ff 

P803 

FFC? 

FFFC 

FFFF 

FFFF 

FFFF 

FFFF 

C3FF 

7FFF 

FOOS 

:-oof 

FFFF 

FFFF 

FFFF 

FFFC 

FFFF 

FFFF 

FFFF 

FFfF 

:  iff 

FFFF 

F01F 

-FFF 

9FFF 

FFFE 

FFFF 

FFFC 

FFFF 

FFFF 

FFFF 

FFFF 

31FE 

FFFF 

FC  I F 

-FFF 

FFrF 

FFFF 

FFFF 

FFFC 

FFFF 

FFFF 

ffFF 

FFFF 

80FF 

FFFF 

FFRF 

=  fff 

FFFF 

FFFF 

FFFC 

FFFF 

FFFF 

FFFF 

FFF* 

BOFD 

FFFF 

FFF* 

-FFF 

CCFF 

FFFF 

F  FFF 

07FC 

FFFF 

FFFF 

2FFF 

FFF  f 

:cff 

OFFF 

FFFC 

■  FFF 

-  -FF 

FFFF 

FFFF 

FFFC 

FFFF 

FFFF 

ifff 

FFFF 

OOFF 

offf 

FFFF 

*FFF 

CFFF 

ffff 

FFFF 

FFFC 

FFFF 

FFFF 

;  fff 

FFFF 

OGFE 

OFFF 

FFFF 

-FFF 

PFFF 

FFFF 

FFFF 

FFCO 

FFFF 

FFFF 

1 F  FF 

FFFE 

007E 

8FFF 

FFF* 

-FFF 

*  fff 

FFFF 

FFFF 

FFFC 

FFFF 

FFFF 

FFFF 

FFFF 

E03D 

FFFF 

FFFB 

■FFF 

FFFF 

9FFF 

FFFF 

FFFC 

FFFF 

FFFF 

FFFF 

FFFF 

FQ3F 

fbee 

FFF* 

FFFF 

FFFF 

9FFF 

FFFF 

FFFC 

FFFF 

FFFF 

FFFF 

FFFF 

FE3B 

FFFF 

FFF* 

eFFF 

FFBF 

FFFF 

FFFF 

FFFC 

3-16 


I 


FFFF  FFFF  r*FF  FFFf  FFFF  FFFF 
FFFF  FFFF  FFFF  FFFF  FFDF  FFFF 
FFFF  FFFF  FFFF  FFF-7  FFFF  FBFF 
FFFF  FFFF  FFFF  FFFF  FFFF  E1FF 
FFFF  FFFF  F FFF  FFPF  FFFF  E1FF 
FFFF  FFFF  FFFF  FFFF  FFFF  ClFF 
FFFF  FFFF  FFFF  FFFF  FFFF  01FF 
FFFF  FFFF  FFFF  FhF-  FFFF  QlFF 
FFFF  FFFF  FFFF  FFk *  FFFF  D9FF 
FFFF  FFFF  FFFF  FFFf  OFFF  FFFF 
FFFF  FFFF  FFFF  FFFf  FFFF  FFFF 
FFFF  FFFF  FFFF  FFFF  FFFF  FFFF 
FFFF  FFFF  FFFF  FFFF  FFFF  FFFF 
FFFF  FFFF  FFFF  FFFF  FFFF  FFFF 
FFFF  FFFF  FFFF  FFFF  FFFF  FFFF 
FFFF  FFFF  FFFF  FFFF  FFFF  FFFF 
FFFF  FFFF  FFFF  FFt-F  EFFF  BFFF 
FFFF  FFFF  F FFF  FFFF  cfrFF  FFFF 
FFFF  FFFF  FFFF  FF^F  FFFF  FFFF 
FFFF  FFFF  FFFF  FFFF  FFFF  FFFF 
FFFF  FFFF  FFFF  FFFF  FFFF  FFFF 
FFFF  FFFF  r  FFF  FFFF  FFFF  FFFF 
FFFF  FFFF  FFFF  FFFF  FFFF  FFFF 
FFFF  FFFF  FFFF  FFFF  FFFF  FFF7 
FFFF  FFFF  FFFF  FF**F  FFFF  FFEO 
FFFF  FFFF  9FFF  FFFF  FFFF  FFEO 
FFFF  FFFF  J FFF  FFFF  FFFF  FFEO 
FFFF  FFFF  l FFF  FFF F  FFDF  FFEO 
FFFF  FFFF  OFFF  FFFF  FF0F  FFEO 
FFFF  FFFF  OFFF  FhFF  FFOF  FFEO 
FFFF  FFFF  F  7FF  FFFF  FFOF  FFCO 
FFFF  FFFF  F  7FF  FFFF  FE07  FFCO 
FFFF  FFFF  FFFF  FFFF  FC07  FFCO 
FFFF  FFFF  FFFF  FFFF  F8Q7  FFCO 
FFFF  FFFF  FFFF  FFFF  F403  FFCO 
FFFF  FFFP  rFFF  FFFF  FC07  FFCO 
FFFF  FFFF  FFFF  FFFF  FF7F  FFCO 
FFFF  FFFF  FFFF  FFFF  FFFF  FF80 
FFFF  FFFF  FFFF  FFFF  FFFF  FF80 
FFFF  FFFF  FFFF  FFFF  FFFF  FF83 
FFFF  FFFF  FFFF  FFF F  FFFF  FF07 
FFFF  FFFF  e FFF  fffF  c-FFF  FB07 
FFFF  FFFF  FFFF  FFFF  "FFF  FB07 
FFFF  FFFF  FFFF  FFFF  FFFF  F307 
FFFF  FFFF  -FFF  FFFF  -FFF  F307 
FFFF  FFFF  FFFF  FF^'  SFFF  E1C7 
FFFF  FFFF  FFFF  FFFF  CFF  F  E007 
FFFF  FFFF  f FTF  FFk F  FFFF  CiBF 
FFFF  FFFF  FFFF  FFFF  FFFF  ClFF 
FFFF  FFFF  FFFF  FFh  F  rFFF  ClFF 
FFFF  FFFF  FFFF  FFFF  ^FFF  E1FF 
FFFF  FFFF  FFFF  FFFF  F9FF 
FFFF  FFFF  FFFF  FFFF  FFFF  F9FF 
FFF F  FFFF  FFFF  FFt*  F  FFF°  7FFF 
FFFF  FFFF  cf~FF  F FFF  ‘--ppg  3 FFF 
FFFF  FFFF  F FFF  FFFF  -FF0  3 FFF 
FFFF  FFFF  FFFF  FFFF  FFF O  3 FFF 
FFFF  FFFF  F  FFF  fFFF  F£Ff  F*-FF 
FFFF  FFFF  f FFF  FFFF  b 4 3F  FFFB 
FFFF  FFFF  FFFF  FFFF  PC3F  FFFF 
FFFF  FFFF  FFFF  FFFF  FC1 F  FFFF 
FFFF  FFFF  FFFF  Fpcf  F01F  A3FF 
FFFF  FFFF  FFFF  FFFF  F03E  OlFF 
FFFF  FFFF  FFFF  FfF*  ~07F  OOFF 
FFFF  FFFF  fcff  cff<  f«:,7F  007 F 
FFFf  FFFF  Frpr  FFt-t  -OIF  O  }3f 


3-17 


FFFF  ’FFF  ^ElF  FFFF  FFFF  FFFC 
FFFF  "FFF  FF IF  FFFF  FFFF  FFFC 
FFFF  EFFF  7FFF  FFFF  FFFF  FFFC 
FFFF  E7FC  3FFF  FFFF  FFFF  FFFC 
FFFF  E7FE  3FFF  FFFF  FFFF  FFFC 
FFFF  *FFF  FFFF  FFFF  FFFF  FFFC 
FFFF  "FFF  ffff  FFFF  FFFF  FFFC 
KFE  ”  '•FFF  FFFf  FFFF  FFFF  FFFC 
FFE 7  FFFF  -^FF  FFFF  FFFF  FFFC 
FFFF  FFFF  FFFF  FFFF  FFFF  FFFC 
FFFF  FFFF  FFFF  FFF F  FFFF  FFFC 
FFFF  FFFF  FFFF  FFFF  FFFF  FFFC 
FFFF  FFFF  FFFF  FFFF  FFFF  FFFC 
FFFF  FFFF  FFFF  FFFF  FFFF  FFFC 
FFFF  FFFF  FFFF  FFFF  FFFC  7FFC 
FFFF  FFFF  FFFF  FFFF  FFF0  03FC 
FFFF  FFFF  FFFF  FFFF  FFF0  0000 
FFFF  FFFF  FFFF  FFFF  FFFO  0000 
FFFB  FFFF  FFFF  FFFF  FFFO  0000 
FFF9  FFFF  FFFF  FFFF  FFEO  0000 
FFFF  FFFF  FFFF  FFFF  FFCO  0000 
FFFF  FFFF  FFFF  FFFF  FF0O  0000 
FFFF  FFFF  FFFF  FFFF  FFOO  0000 
FFFF'  FFFF  FFFF  FFFF  FEOO  0000 
FFFF  FFFF  FFFF  FffF  F 800  0000 
FFFF  FFFF  FFFF  FFFF  EOOO  0000 
7FFF  FFFF  FFFF  FFFF  COOO  0000 
39FF  FFFF  FFFF  FFFF  0000  0000 
30FF  FFFF  FFFF  FFFF  0000  0000 
39FF  FFFF  FFFF  FFFF  0000  0000 
3FFF  FFFF  FFFF  FFFF  0000  0000 
1 FFF  FFFF  FFFF  FFFF  0000  0000 
3FFF  FFFF  FFFF  FFF E  0000  0000 
FFFF  FFFF  FFFF  FFF4  0000  0000 
FFFF  FFFF  FFFF  Cl 80  0000  0000 
FFFF  FFFF  FFFC  COOO  0000  0000 
FFFF  FFFF  FFF9  COOO  0000  0000 
FFFF  FFFF  FFFO  0000  0000  0000 
FFFF  FFFF  FFOO  0000  0000  0000 
FFFF  FFFF  F600  0000  0000  0000 
FFFF  ffff  FOOO  COOO  0000  0000 
FFFF  rFFF  ECOO  COOO  0000  0000 
FFEF  FFFF  COOO  COOO  0000  0000 
FFEF  pFFF  0000  0000  0000  0000 
ffff  cffe  '^-00  0000  0000  0000 
FFFF  -FFC  rooo  COOO  0000  0000 
*DFf  rPF0  OCOO  COOO  0000  0000 
BFFF  FFEO  0000  OCOO  0000  0000 
OFFF  ^FCO  COCO  COOO  0000  0000 
1 FFF  TF0O  0000  COOO  0000  0000 
FFFF  FEOO  0000  0000  0000  0000 
FFFF  PCOG  OCOO  COOO  0000  0000 
FFFF  P800  0000  COOO  OCOO  0000 
FFFF-  FOOC-  OCOO  COOO  OCOO  0000 
FFF*7  COOO  0000  COOO  0000  0000 
FFFF  EOOO  0000  0000  0000  0000 
FFFF  :C30  COCO  COOO  0000  0000 
FFFF  .000  COCO  COOO  0000  0000 
FFFF  COCO  0000  OCOO  0000  0000 
FFFE  0000  0000  COOO  0000  0000 
FFFC  0000  0000  0000  0000  0000 
FFFC  COOO  OCOO  COOO  0000  0000 
FFEO  COOO  COOO  00 CO  0000  0000 
FFCC  :000  0000  CD  CO  0000  0004 
FCOO  :000  .'COO  OCOO  0000  003C 
COO  '  7  00  w-o  c C  0  <7000  00 3 c 


I 


FFFF 

FFFF 

FFFF 

FFFF 

*000 

COOO 

oooo 

oooo 

oooo 

cooo 

3000 

ocoo 

FFFF 

FFFF 

FFFF 

FFFF 

FOOO 

0000 

oooo 

oooo 

oooo 

0300 

3600 

OFCO 

FFFF 

FFFF 

FFFF 

FFFF 

FOOC 

0000 

oooo 

oooo 

oooo 

0300 

oooo 

07FC 

FFFF 

FFFF 

FFFF 

Ft1  FF 

£000 

0000 

OOOC 

oooo 

OOOC 

C3E6 

oooo 

03FC 

FFFF 

FFFF 

FFFF 

FF*  F 

£000 

0000 

oooo 

oooo 

oooo 

03PF 

0103 

C3FC 

FFFF 

FFFF 

FFFF 

FFFF 

£000 

0000 

oooo 

oooo 

oooo 

03rF 

FBCF 

FFFC 

FFFF 

FFFF 

FFFF 

Fr  FF 

£000 

0000 

oooo 

oooo 

oooo 

03~F 

FFFF 

FFFC 

FFFF 

FFFF 

FFfF 

FFFF 

COOO 

0000 

oooo 

oooo 

oooo 

03FF 

FFFF 

FFFC 

FFFF 

FFFF 

FFFF 

FFF* 

cooo 

oooo 

OOOC 

oooo 

oooo 

03FF 

FFFF 

FFFC 

FFFF 

FFFF 

FFFF 

FFFf 

COOO 

oooo 

oooo 

oooo 

oooo 

03rF 

FFFF 

FFFC 

FFFF 

FFFF 

FFFF 

FFfZ 

0000 

oooo 

oooo 

oooo 

ooco 

cdff 

FFFF 

FFFC 

FFFF 

FFFF 

FFFr 

FFFE 

0000 

oooo 

oooo 

oooo 

OOOC 

COIF 

FFFF 

FFFC 

FFFF 

FFFF 

FFFF 

FFFC 

0000 

oooo 

oooo 

oooo 

ooco 

C007 

FFFF 

FFFC 

FFFF 

FFFF 

FFFF 

FFF0 

0000 

cooo 

oooo 

oooo 

oooo 

cooo 

ZFFF 

FFFC 

FFFF 

FFFF 

FFFF 

FFFS 

0000 

oooo 

oooo 

oooo 

oooo 

cooo 

OFFF 

FFFC 

FFFF 

FFFF 

FFFF 

FFE 

OOOO 

cooo 

cooc 

oooo 

oooo 

CC  00 

OFFF 

FFFC 

FFFF 

FFFr 

F  CFF 

F-C  1 

;.00v 

coco 

OOOC 

OOOC 

ooco 

c :  30 

07FF 

FFFC 

FFFF 

FFFF 

fff  f 

FFg.; 

OOOC 

oooo 

ooo: 

oooo 

oooo 

cooo 

03FF 

FFFC 

FFFF 

FFFF 

CCFF 

FEOC 

OOOO 

oooo 

oooo 

cooo 

oooo 

cooo 

OOFF 

FFFC 

FFFF 

FFFF 

FFFF 

BCOC 

0000 

oooo 

oooo 

oooo 

oooo 

cooo 

003F 

FFFC 

FFFF 

FFFF 

FFFF 

E90C 

0000 

oooo 

oooo 

oooo 

oooo 

cooo 

0003 

FFFC 

FFFF 

FFFF 

PFFT 

FEOO 

0000 

oooo 

OOOC 

0 000 

oooo 

cooo 

OOOO 

FFFC 

FFFF 

FFFF 

FFFF 

FEOO 

0000 

oooo 

oooo 

oooo 

oooo 

ocoo 

OOOO 

3FFC 

FFFF 

FFFF 

FFFF 

FD30 

0000 

oooo 

OOOO 

oooo 

oooo 

cooo 

OOOO 

03FC 

FFFF 

FFFF 

FFFF 

FD5F 

0000 

oooo 

OOOO 

oooo 

oooo 

cooo 

OOOO 

01FC 

FFFF 

FFFF 

FPFF 

F9FF 

8000 

oooo 

oooo 

oooo 

oooo 

oooo 

OOOO 

OOFC 

FFFF 

FFFF 

F'DF 

FArF 

oooo 

oooo 

oooo 

oooo 

oooo 

cooo 

OOOO 

003C 

FFFF 

FFFF 

C  F0F 

F7CF 

0000 

oooo 

oooo 

oooo 

oooo 

cooo 

oooo 

OOOO 

FFFF 

FFFF 

FP0P 

F  CFF 

eooo 

oooo 

OOOC 

oooo 

oooo 

cooo 

oooo 

OOOO 

FFFF 

FFFF 

F -8F 

FFFF 

£000 

oooo 

OOOC 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFr  F 

AOOO 

oooo 

oooo 

oooo 

ooco 

oooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFF 

C080 

ooco 

OOOC 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFr  F 

FOCO 

oooo 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFF 

FOCO 

oooo 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFF 

F  OF  0 

7  BOG 

OOOC 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

PFFF 

FFFF 

F9F  0 

7800 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFC 

FFFF 

FFFF 

FFEC- 

7E00 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFF 

F  FFe 

7F00 

OOOC 

oooo 

oooo 

oooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFF 

CEFE 

FF80 

oooo 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFF  F 

FFFF 

FF80 

OOOC 

oooo 

oooo 

cooc 

oooo 

oooo 

FFFF 

FCpF 

F  rFF 

FFr  c 

FFFF 

DFFF 

FEOC 

oooo 

oooo 

cooc 

oooo 

oooo 

FFFF 

FFFF 

p  rrr 

FrFP 

OFFF 

FFFF 

FEOC 

oooo 

oooo 

cooo 

ocoo 

oooo 

FFFF 

FFFF 

FFFF 

FCFr 

FF  FF 

FFFF 

FCOC 

OOOC 

OOOC 

cooo 

oooo 

oooo 

FFFF 

FFFF 

F  "FT 

FFFF 

rrrr 

FFFF 

FC0C 

OOOC 

OOOC 

CO  30 

oooo 

oooo 

FFFF 

FFFF 

5  FF 

FFFF 

FFFf 

FFf-f 

FCOC 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

-  FF  F 

Fr  FC 

FEFC 

F9FF 

FCOC 

oooo 

oooo 

cooo 

ocoo 

oooo 

FFFF 

FFFF 

;  rpF 

Fr  re 

F  F  FF 

F3FF 

FCOC 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 

FFFf 

FFOC 

oooo 

oooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

f^ff 

FFFF 

FFFF 

Fr  FD 

FFF  7 

2C00 

OOOC 

cooo 

oooo 

oooo 

FFFF 

FFFF 

rrrr 

FF  FF 

rrrr 

FFFT 

FrFf 

r  FFF 

cooo 

cooo 

oooo 

oooo 

FFFF 

FFFF 

F  :  Fr 

FFFC 

*  cff 

FFFF 

FFH  E 

■'FFF 

E  00'“ 

cooo 

ocoo 

oooo 

FFFF 

FFFr 

-  CFF 

FFFF 

FCFF 

FfFF 

FFF{ 

3FFF 

F  00  r 

cooc 

ocoo 

oooo 

FFFF 

Frrr 

'  rp. 

r'.-r 

r  -rr 

FFCC 

FFF  ; 

?fc  r 

r  9".' 

cooo 

cooc 

oooo 

FFFc: 

r  t  r  r 

■  •  rr 

t  t  c  : 

•re 

c  rr  r 

FFF  • 

:  T.re 

c  *  o» 

:  0  Hi 

OOOC 

oooo 

FFFF 

Frrr 

-  «  r  F 

-  IT . 

:  f: 

f  n  r 

FT  F7 

;  c  -  ■ 

c:  - 

or.  oo 

oooo 

FFFF 

rrrt 

.  .  rt 

£  *-  F  • 

r  £  :* 

f  rfi 

FFF* 

S8?F 

c  F  F 

*  .  H 

ocoo 

OOOC 

FFFF 

rcpr 

c  f-Fr 

Free 

rrrr 

F  ►  cr 

FFF* 

f  FT  c 

CFF.'. 

co^c- 

oooo 

OOOO 

FFFF 

FFFF 

f<rr 

ccr  r 

r  Fee 

ret  . 

FFF1 

rff* 

ret 

c  cor 

O00? 

oooo 

FFFF 

Ft  pr 

tree 

ter: 

ccc« 

FFCC 

FFF* 

FFF  (■ 

re  t 

c  :• :  * 

oooo 

OOOC 

FFFF 

FFFC 

e  ffp 

•  F  F  f 

FFFf 

FFF* 

c  Frr 

FFrr 

CC|F 

8000 

oooo 

FFFF 

PPCf 

t  iFf 

C  FF r 

FFFf 

f  re  r 

FFFf 

c  F  F  r 

FFFF 

FFFF 

FFFF 

FFFC 

3-18 


I 


Visibility  map  (Fortran  Unit  12) .  Since  this  test  case  is  a  nadir 
view,  all  points  are  visible  to  the  observer.  Therefore,  the  entire 
visibility  map  is  composed  of  zeros  and  is  not  displayed. 


ASCII  display  of  a  portion  of  the  binary  pseudo  radiance  map  (Fortran 
Unit  6).  One  third  of  the  scene  (leftmost  portion)  is  shown.  Columns 
1-10  are  uniformly  zero  (the  field  of  view  extends  beyond  the  edye  of  the 
scene)  and  are  not  included. 


11 

12 

13 

14 

19 

16 

17 

19 

14 

20 

1 

0 

x<ooc 

00 

9 

oooce 

00 

0 

ooooc 

oo 

c 

ooooc 

00 

0 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooe 

00 

2 

0 

oooot 

oo 

0 

OOOOC 

OO 

0 

ooooc 

00 

?• 

ooooc 

00 

0 

ooooc 

00 

0 

QQQQ f 

OO 

0 

oooot 

00 

0 

oooot 

OO 

0 

ooooc 

00 

0 

oooot 

OO 

3 

0 

00 

0 

ooooc 

00 

0 

ooooc 

00 

3 

ooqoc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

4 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

00 

0 

ooooc 

00 

0 

00 

* 

3 

ooooc 

00 

0 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

4 

0 

ooooc 

00 

0 

oooot 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

7 

0 

ooooc 

03 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

0000* 

00 

0 

ooooc 

00 

0 

ooooc 

00 

• 

0 

ooooc 

00 

0 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

QQQQf 

00 

0 

ooooc 

00 

0 

0000* 

00 

0 

oooot 

00 

0 

ooooc 

00 

4 

3 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

0000* 

00 

0 

00 

0 

ooooc 

00 

0 

QQOOf 

00 

10 

3 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

00 

0 

00 

11 

3 

ooooc 

00 

5 

ooooc 

00 

0 

ooooc 

oc 

c 

*.S27C 

00 

0 

4939C 

00 

0 

6S29C 

oc 

0 

•S24C 

00 

0 

4933* 

00 

0 

4*01* 

00 

0 

6*271 

00 

i  a 

0 

ooooc 

00 

0 

4409C 

00 

0 

4344C 

00 

3 

6414* 

00 

0  4414C 

00 

0 

6*14* 

00 

0 

•«ise 

00 

0 

460*£ 

00 

0 

440 9C 

00 

G 

**22C 

00 

13 

0 

ooooc 

00 

0 

6**2C 

00 

0 

4742c 

00 

0 

6796C 

00 

0 

6794* 

00 

0 

6794C 

00 

0 

6769* 

00 

0 

6734C 

00 

0 

4416C 

00 

0 

6619* 

00 

14 

3 

ooooc 

03 

r, 

•4  *0f 

00 

0 

44  *7i 

00 

0 

4  7  COE 

00 

0 

6444* 

00 

0 

6704* 

00 

0 

67 1  SC 

00 

0 

6644C 

00 

0 

6416* 

00 

G 

*413* 

00 

13 

j 

ooooc 

03 

0 

4734c 

00 

0 

MM 

00 

c 

444  1C 

00 

0 

6444* 

00 

0 

6414C 

00 

0 

694 7C 

00 

0 

6402* 

00 

0 

66OOC 

00 

0 

6413* 

00 

14 

ooooc 

00 

0 

477*C 

00 

0 

4794c 

00 

0 

6  744C 

00 

0 

6794* 

00 

0 

6699C 

00 

0 

6626* 

00 

0 

4430* 

00 

0 

4410* 

00 

0 

6404* 

00 

17 

0 

ooooc 

00 

0 

44  roc 

00 

0 

4744c 

00 

0 

4794c 

00 

0 

4414* 

00 

0 

672K 

00 

0 

6929* 

00 

0 

679SC 

00 

0 

4414* 

00 

0 

6943* 

00 

It 

0 

ooooc 

00 

0 

6472C 

00 

0 

4747c 

00 

0 

6647C 

00 

0 

6739C 

00 

0 

4774C 

00 

0 

6711* 

00 

0 

4499E 

00 

0 

4734c 

00 

0 

4739* 

00 

»4 

0 

ooooc 

00 

0 

473 9C 

00 

0 

4791* 

00 

0 

471 1C 

00 

0  6T77C 

00 

0 

4902C 

00 

0 

6744* 

00 

0 

6704* 

00 

0 

6794* 

00 

0 

4743c 

00 

20 

9 

ooooc 

00 

0 

4710C 

00 

0 

4792c 

00 

0 

6749C 

00 

0 

4799* 

00 

0 

4754* 

00 

0 

6777* 

00 

0 

4901C 

00 

0 

479 7* 

00 

0 

4794* 

00 

31 

0 

ooooc 

00 

0 

4979C 

00 

0 

44«4ff 

00 

0 

4779c 

00 

0 

4779C 

00 

0 

4449C 

00 

0 

4444c 

00 

0 

6743* 

00 

0 

6796* 

00 

0 

4779* 

00 

23 

0 

ooooc 

00 

0 

4494C 

00 

0 

6916* 

00 

0 

47«7k 

00 

0 

4414C 

00 

0 

4734* 

00 

0 

4004* 

00 

0 

4900* 

00 

0 

4793C 

00 

0 

4414* 

00 

23 

0 

ooooc 

00 

0 

4471C 

00 

0 

6400C 

00 

0 

6637* 

00 

0 

4794C 

00 

0 

4744* 

00 

0 

6713* 

00 

0 

4419* 

00 

0 

4439* 

00 

0 

4794C 

00 

24 

0 

ooooc 

00 

0 

4731c 

00 

0 

474CC 

00 

0 

6747C 

00 

0 

4441C 

00 

0 

6439C 

00 

0 

670 7t 

00 

0 

6764* 

00 

0 

4749* 

00 

0 

6660* 

00 

23 

0 

00 

0 

4744c 

00 

0 

4741C 

00 

0 

6794C 

00 

0  4444* 

00 

0 

6434* 

00 

0 

4701* 

00 

0 

6762* 

00 

0 

4793C 

00 

0 

6664* 

00 

24 

0 

ooooc 

00 

0 

*4341 

00 

0 

4749c 

00 

0 

66S4C 

00 

0 

6744C 

00 

0 

474* 

00 

0 

6709* 

00 

0 

4413* 

00 

0 

4414C 

00 

0 

4799* 

00 

27 

0 

00 

0 

464H 

00 

0 

4409C 

00 

0 

4747C 

00 

0 

4913* 

00 

0 

6495* 

00 

0 

6703* 

00 

0 

6744* 

00 

0 

4417* 

00 

0 

4999* 

00 

20 

0 

ooooc 

00 

0 

44t.2C 

00 

0 

4747c 

00 

0 

4436C 

00 

0 

4414* 

00 

0 

4739* 

00 

0 

6702* 

00 

0 

4449* 

00 

0 

6793* 

00 

0 

4433C 

00 

24 

0 

ooooc 

00 

0 

4733c 

00 

0 

4743* 

00 

0 

4794C 

00 

0  6797C 

00 

0 

6474* 

00 

0 

6704* 

OG 

0 

6746C 

00 

0 

4479C 

00 

0 

4791* 

00 

30 

0 

ooooc 

00 

0 

4704C 

00 

0 

4704C 

00 

0 

4740C 

00 

0 

6719* 

00 

0 

6701C 

00 

0 

671  It 

00 

0 

4644* 

00 

0 

4417C 

00 

0 

4449* 

00 

31 

0 

ooooc 

00 

0 

444  7C 

00 

0 

4491C 

00 

0 

4730C 

00 

0 

4440* 

00 

0 

4  732C 

00 

0 

6609C 

00 

0 

4411C 

00 

0 

4*44* 

00 

0 

4410* 

00 

32 

0 

ooooc 

00 

0 

4499C 

00 

0 

4740C 

00 

0 

6629C 

00 

0 

4797* 

00 

0 

4693* 

00 

0 

6904* 

00 

0 

4440* 

00 

0 

*79*C 

00 

0 

4493* 

00 

33 

0 

ooooc 

00 

0 

4733c 

00 

0 

4744* 

00 

0 

4773C 

00 

0  4490* 

00 

0 

4604* 

00 

0 

4701C 

00 

0 

4743* 

00 

0 

4*44* 

00 

0 

6*23* 

00 

34 

0 

ooooc 

00 

0 

444  SC 

00 

0 

4*  3  SC 

00 

0 

6697C 

00 

0 

4744* 

00 

0 

4770C 

00 

G 

6704* 

00 

0 

6693* 

00 

0 

4424* 

00 

0 

6*20* 

00 

33 

0 

ooooc 

00 

0 

4731c 

00 

0 

4447c 

00 

0 

4704C 

00 

0 

4710* 

00 

0 

4720E 

00 

0 

6663* 

CO 

c 

6404* 

00 

0 

6414* 

00 

0 

4421* 

00 

34 

c 

ooooc 

00 

0 

4749c 

00 

0 

47S4f 

00 

0 

4793C 

00 

0 

6424* 

00 

0 

660 IE 

00 

c 

6614C 

00 

G 

6622* 

00 

0 

6621* 

00 

0 

*421* 

00 

37 

9 

ooooc 

00 

0 

4443c 

00 

0 

4900C 

00 

0 

4943C 

00 

0 

660 SC 

oc 

0 

4407* 

00 

0 

6607* 

00 

0 

6607* 

00 

0 

6607* 

00 

0 

6606C 

00 

34 

3 

ooooc 

00 

* 

6**9C 

00 

0 

47  ’«£ 

00 

0 

4774C 

oc 

0 

6781C 

00 

0 

6793* 

00 

G 

e7«5£ 

CO 

0 

67BC 

00 

c 

6704* 

00 

0 

6794* 

00 

3* 

0 

ooooc 

00 

*7441 

00 

0 

409*C 

30 

~J 

*746C 

00 

0 

6*7*C 

00 

0 

6644E 

oc 

G 

eftSOC 

00 

c 

6444* 

00 

0 

664 4C 

00 

0 

6694C 

00 

40 

3 

OOOOC 

00 

c 

66*9* 

00 

0 

4440C 

00 

0 

4  70 1 C 

00 

0 

6704* 

00 

0 

6704* 

00 

c 

oT96£ 

CO 

G 

6709C 

00 

0 

64 49C 

00 

0 

4414* 

00 

41 

c 

ooooc 

00 

0 

4419C 

00 

0 

64*2* 

00 

0 

6654* 

00 

0 

67*7* 

00 

0 

6767* 

00 

0 

6763* 

CO 

r 

6  769C 

00 

0 

6794C 

00 

0 

4*93* 

00 

42 

0 

ooooc 

00 

0 

474K 

00 

0 

4749C 

00 

0 

6779C 

00 

0 

6494C 

00 

0 

6429* 

00 

0 

6621* 

00 

0 

6407* 

00 

0 

4*29* 

00 

0 

*794* 

00 

43 

0 

ooooc 

00 

0 

4779c 

00 

0 

4770C 

00 

0 

4443C 

00 

0 

6797* 

00 

0 

4939* 

00 

0 

6734* 

CO 

c 

6419* 

00 

0 

4*17* 

00 

0 

**04* 

00 

44 

0 

ooooc 

00 

0 

4714C 

oc 

0 

646«C 

00 

0 

4430C 

00 

0 

4494C 

00 

0 

46*9* 

00 

0 

6640* 

CO 

c 

462 IE 

00 

0 

4*20* 

00 

0 

**21C 

00 

49 

0 

ooooc 

00 

0 

6494C 

00 

0 

4322C 

00 

0 

44 1  3* 

00 

0 

66I4C 

00 

0 

44(9* 

00 

0 

4427* 

30 

0 

4423* 

00 

0 

4*21* 

00 

0 

**21  * 

00 

44 

9 

ooooc 

00 

0 

4424C 

oc 

0 

4«C*C 

00 

0 

440 9C 

00 

0 

442 SC 

00 

0 

6941* 

00 

0 

4603* 

00 

0 

6424* 

00 

0 

6*22* 

00 

0 

**53* 

00 

47 

ooooc 

03 

0 

6432C 

00 

0 

60  TOC 

00 

0 

4452* 

00 

0 

441 1C 

00 

0 

6903* 

00 

0 

*535F 

'3 

? 

6429* 

00 

0 

6*0  7* 

00 

0 

**09C 

00 

40 

-900C 

oo 

0 

<x 

0 

6oC9C 

00 

r 

440 1C 

00 

0 

6*4  S* 

00 

0 

6994C 

00 

0 

66  sot 

Cj 

0 

6404* 

00 

0 

*439* 

OG 

0 

*409* 

00 

4» 

0 

oooc 

00 

b 

49:4C 

v 

0 

0  '6GC 

00 

0 

4439C 

oc 

0 

660 SC 

00 

0 

6420* 

00 

0 

6S39C 

00 

c 

64‘r7* 

00 

0 

6944C 

00 

0 

**  1  •* 

00 

90 

0 

'OOOC 

00 

c 

4943C 

00 

0 

*«81E 

00 

0 

4453C 

00 

0 

•423* 

00 

0 

4432* 

00 

0 

66  1  0* 

00 

c 

660  IE 

OG 

0 

6*20* 

oc 

- 

6912* 

00 

1-19 


I 


1 l 

12 

13 

14 

19 

16 

17 

18 

19 

20 

31 

Q 

:  :ooc 

00 

c 

&469E 

00 

0 

6380E 

00 

0 

6624E 

00 

0 

6628C 

00 

0 

6992E 

00 

0 

6590C 

oo 

0 

6394E 

OO 

0  6969C 

00 

0 

6493C 

00 

32 

0 

»'X>0£ 

00 

c 

&333C 

00 

0 

64'3E 

00 

0 

6394C 

00 

0 

6613E 

00 

0 

63  1  OC 

00 

0 

643  7E 

00 

0 

6436C 

00 

0  6444E 

00 

0 

6432E 

00 

33 

5 

GGOOC 

00 

0 

664  BE 

OO 

0 

6*0 ’E 

3G 

0 

6437t 

00 

0 

6412C 

oo 

0 

6376E 

00 

0 

6679C 

00 

0 

6623C 

00 

0  *468C 

oo 

0 

6449C 

00 

34 

0 

:  ooe 

00 

062  Be 

00 

0 

662  3E 

00 

0 

66  1  OC 

00 

0 

661  IE 

00 

0 

6308E 

00 

0 

6437E 

00 

0 

6461 E 

00 

0  6446C 

00 

0 

6443C 

00 

*3 

o 

DOOC 

CO 

c 

o626E 

OO 

0 

6©2e.E 

00 

£• 

6o27C 

00 

0 

©62SC 

00 

0 

6398E 

00 

0 

6381E 

00 

0 

69S3E 

oo 

0  6383C 

00 

0 

6982E 

00 

36 

“ 

c:ooe 

oc 

.3 

6o32c 

00 

0 

662c  E 

00 

0 

©c26£ 

00 

0 

662 6£ 

00 

0 

6633E 

00 

0 

6636E 

00 

0 

6637E 

00 

0  6644E 

00 

0 

6636E 

00 

*■» 

3 

OCE 

00 

660  IE 

GO 

0 

**-26E 

00 

0 

662  7E 

00 

0 

0626E 

00 

0 

6626E 

00 

0 

6629C 

oo 

0 

6619C 

00 

0  6990C 

00 

0 

6620E 

00 

ba 

0 

:  xx>£ 

00 

G 

6510E 

GO 

0 

66*  E 

OG 

G 

60  *i  j£ 

00 

0 

664  IE 

00 

0 

664  IE 

00 

0 

©632E 

00 

0 

6606C 

00 

0  6460C 

00 

0 

66 1  OC 

00 

3* 

0 

::«0€ 

00 

c 

654 *E 

OO 

0 

64  37£ 

00 

0 

6462E 

00 

0 

6463c 

00 

0 

6463C 

00 

0 

6460C 

00 

0 

6499C 

00 

0  6993C 

00 

0 

6469C 

00 

oO 

w> 

:-X)OE 

oc 

3 

6609E 

00 

0 

6302E 

00 

0 

6363E 

00 

0 

6383E 

00 

0 

6389E 

00 

0 

631  OC 

00 

0 

644  IE 

00 

0  6474E 

00 

0 

6491C 

00 

61 

o 

-  root 

oc 

0 

6620E 

00 

0 

6628E 

00 

0 

6633E 

00 

0 

6636E 

00 

0 

6640C 

00 

0 

6987C 

00 

0 

6328E 

00 

0  691 1C 

00 

0 

6429C 

00 

62 

0 

:500c 

00 

0 

6672£ 

00 

0 

666 2E 

00 

0 

6c2®C 

00 

0 

6623E 

00 

0 

6624E 

00 

0 

6638C 

oo 

0 

668BC 

00 

0  6677C 

00 

0 

6999C 

00 

63 

0 

ooooc 

00 

0 

6797C 

OO 

0 

6768C 

00 

0 

669  7E 

00 

0 

6642C 

00 

0 

6639C 

00 

0 

6727C 

00 

0 

6809C 

00 

0  6829C 

00 

0 

7 00 DC 

00 

a4 

0 

ooooc 

00 

0 

6381E 

00 

0 

6631E 

OO 

0 

6796C 

00 

0 

6814C 

00 

0 

68!  1C 

00 

0 

68  IOC 

00 

0 

681 1C 

00 

0  6814C 

00 

0 

6828C 

00 

o3 

0 

ooooc 

00 

0 

6763E 

00 

0 

6774C 

00 

0 

680  7C 

00 

0 

681 1C 

00 

0 

60I6E 

00 

0 

6734C 

00 

0 

6649C 

00 

0  6694C 

00 

0 

6637E 

00 

66 

0 

ooooc 

OO 

0 

6722E 

00 

0 

6718C 

00 

0 

6703C 

00 

0 

6702C 

00 

0. 

6702E 

00 

0 

6709C 

00 

0 

4703E 

00 

0  6699C 

oo 

0 

6484C 

00 

67 

0 

ooooc 

00 

0 

6609C 

OO 

0 

6618C 

00 

0 

6692C 

00 

0 

6699C 

00 

0 

6649C 

00 

0 

4734C 

00 

0 

6816C 

00 

0  6813C 

00 

0 

6836C 

00 

68 

0 

ooooc 

00 

0 

6633C 

OO 

0 

6463C 

00 

0 

6774C 

00 

0 

6789C 

00 

0 

6800C 

oo 

0 

6802C 

00 

0 

4793C 

00 

0  6809C 

00 

0 

*934C 

00 

6* 

0 

ooooc 

00 

0 

683 3C 

00 

0 

6777C 

00 

0 

66  IOC 

00 

0 

6986C 

00 

0 

672QE 

00 

0 

680SC 

00 

0 

6793C 

00 

0  4781C 

00 

0 

6776E 

00 

70 

0 

coooe 

00 

0 

6703C 

00 

0 

6808C 

OO 

0 

6782C 

00 

0 

6779C 

00 

0 

6777C 

oo 

0 

679 1C 

00 

0 

6820C 

oo 

0  691 |C 

00 

0 

4797C 

00 

71 

0 

coooe 

00 

0 

6698C 

OO 

0 

6671  C 

00 

0 

6784€ 

00 

0 

6786C 

oo 

0 

6792E 

00 

0 

6787E 

00 

0 

6798C 

00 

0  6880C 

00 

0 

6889C 

oo 

72 

0 

:oooc 

00 

0 

6736E 

00 

0 

666 3C 

00 

0 

6786C 

OO 

0 

6S36C 

00 

0 

6806C 

00 

0 

6819C 

00 

0 

6829C 

00 

0  6796C 

00 

0 

4914C 

00 

73 

0 

coooe 

00 

0 

679  IE 

00 

0 

679®E 

00 

0 

680 9C 

00 

0 

6910C 

00 

0 

684 IE 

00 

0 

6874C 

00 

0 

4936C 

00 

0  6806C 

oo 

0 

6780C 

00 

74 

0 

ooooc 

00 

0 

66®  IE 

00 

0 

6010C 

00 

0 

6790C 

00 

0 

660 7E 

00 

0 

6729C 

00 

0 

68  IOC 

00 

0. 

4793C 

00 

0  6794C 

00 

0 

6790C 

00 

73 

0 

ooooc 

00 

0 

6629C 

00 

0 

6630C 

00 

0 

6699C 

00 

0 

677 OC 

00 

0 

6494C 

00 

0 

6623E 

oo 

0. 

6667C 

00 

0  6793C 

00 

0. 

68  IOC 

00 

7* 

0 

ooooc 

00 

0 

6621C 

00 

0 

6620C 

00 

0 

6629C 

00 

0 

6661C 

00 

0 

6632E 

00 

0 

66O0E 

00 

0 

663K 

00 

0  666 1C 

00 

0 

6668C 

00 

77 

0 

ooooc 

00 

0 

6613C 

00 

0 

6622E 

00 

0 

4420C 

00 

0 

6600E 

00 

0 

663  IE 

oo 

0 

6646C 

00 

0. 

4617C 

00 

0  6607C 

00 

0. 

6607C 

00 

7* 

0 

ooooc 

00 

0 

6646C 

00 

0 

6620C 

00 

0 

6618C 

00 

0 

6616C 

oo 

0 

6723E 

00 

0 

6704C 

00 

0 

6617C 

00 

0  6617C 

00 

0 

4609C 

00 

79 

0 

ooooc 

00 

0 

6736C 

OO 

0 

6602C 

00 

0. 

6620C 

00 

0 

663 IE 

00 

0 

6462E 

00 

0 

6496E 

00 

0 

6634C 

00 

0  6608C 

00 

0 

6449C 

00 

80 

0 

ooooc 

00 

0 

6714C 

OO 

0 

6769C 

00 

0 

6626C 

00 

0 

6612E 

00 

0 

6723E 

00 

0 

6702C 

00 

0 

6616C 

00 

0  662 1C 

00 

0 

6608C 

00 

•  1 

0 

ooooc 

00 

0 

6613C 

00 

0 

6679C 

00 

0 

6746C 

00 

0 

6630C 

00 

0 

6641C 

00 

0 

6644C 

00 

0 

6608C 

00 

0  662 1C 

oo 

0. 

6613C 

00 

83 

0 

ooooc 

00 

0 

671  1C 

00 

0 

6708C 

00 

0 

671 9C 

00 

0 

6724C 

00 

0 

664 DC 

00 

0 

6669C 

00 

0 

6709C 

00 

0.  664 1C 

00 

0 

6716C 

00 

83 

0 

ooooc 

00 

0 

6774C 

OO 

0. 

6741C 

00 

0 

6639C 

00 

0 

6744C 

00 

0 

6673C 

00 

0 

6693C 

00 

0 

6749C 

00 

0  6649C 

00 

0. 

6708C 

00 

84 

0 

ooooc 

00 

0 

6621C 

00 

0 

6616C 

00 

0 

6621E 

00 

0 

6609C 

oo 

0 

662  IE 

oo 

0 

6620C 

00 

0 

6629C 

00 

0  6607C 

00 

0 

643 IE 

00 

83 

0 

ooooc 

00 

0 

674  1C 

00 

0 

6619C 

00 

0 

6622C 

00 

0 

6622C 

00 

0 

6632E 

00 

0 

6332C 

00 

0 

6481 E 

00 

0  662 IE 

00 

0 

6627E 

00 

86 

0 

ooooc 

00 

0 

6632E 

00 

0 

6623C 

00 

0 

6624C 

00 

0 

6634C 

oo 

0 

6643C 

oo 

0 

6629C 

oo 

0 

4977E 

00 

0  6902C 

00 

0 

6497C 

00 

87 

0 

ooooc 

00 

0 

6613C 

00 

0 

6639C 

00 

0 

6617C 

00 

0 

6941E 

00 

0 

6926C 

00 

0 

6946C 

oo 

0 

4934C 

00 

0  6492C 

00 

0 

6442C 

00 

88 

0 

ooooc 

00 

0 

669 1C 

00 

0 

662 7C 

00 

0 

6619C 

00 

0 

6903C 

oo 

0 

6479C 

00 

0 

6460C 

00 

0 

6440C 

00 

0  6433C 

00 

0 

6496C 

00 

89 

0 

ooooc 

00 

0 

6790C 

OO 

0 

6619C 

00 

0 

6626C 

00 

0 

6691C 

oo 

0 

6663E 

oo 

0 

4997E 

00 

0 

6447E 

00 

0  6494C 

00 

0 

6462C 

00 

90 

0 

ooooc 

00 

0 

OOOOC 

00 

0 

ooooc 

00 

0 

OOOOC 

OO 

0 

OOOOC 

oo 

0 

OOOOC 

00 

0 

OOOOC 

00 

0 

OOOOC 

00 

0  OOOOC 

00 

0 

OOOOC 

00 

91 

0 

ooooc 

00 

0 

OOOOC 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

oo 

0 

oo 

0 

OOOOC 

00 

0 

oc 

0  OOOOC 

00 

0 

ooooc 

00 

92 

0 

ooooc 

00 

0 

OOOOC 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

oo 

0 

OOOOC 

00 

0 

ooooc 

00 

0 

OOOOC 

00 

0  OOOOC 

00 

0 

ooooc 

00 

93 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

OOOOC 

00 

0 

ooooc 

00 

0 

OOOOC 

00 

0  OOOOC 

00 

0 

ooooc 

00 

94 

0 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

oo 

0 

00 

0 

ooooc 

00 

0 

00 

0  OOOOC 

00 

0 

ooooc 

00 

93 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

oo 

0 

ooooc 

00 

0 

ooooc 

00 

0 

00 

0  OOOOC 

00 

0 

ooooc 

00 

96 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

oocoe 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

00 

0  ooooc 

00 

0 

ooooc 

00 

97 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

oo 

0 

OOOOC 

00 

0  ooooc 

00 

0 

ooooc 

00 

98 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

OOC3C 

00 

0 

ooooc 

00 

0 

ooooc 

oo 

0 

ooooc 

00 

0 

OOOOC 

00 

0  ooooc 

00 

0 

ooooc 

00 

99 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

000  DC 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

OOOOC 

oo 

0  ooooc 

00 

0 

ooooc 

00 

too 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

OOOOC 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

ooooc 

00 

0 

OOOOC 

00 

0  ooooc 

00 

0 

ooooc 

00 

3-20 


I 


21 

22 

23 

24 

23 

26 

27 

20 

24 

30 

1 

0 

ooooe 

00 

0 

OODCE 

00 

0 

OOOOE 

oc 

OOOOE 

00 

0 

OOOOE 

OO 

0 

ooooe 

OO 

0 

ooooe 

OO 

0 

OOOOE 

00 

0 

ooooe 

00 

0 

ooooe 

OO 

2 

0 

ooooe 

00 

0 

OOOOE 

OO 

0 

OOOOE 

00 

c 

cocos 

00 

0 

ooooe 

00 

0 

ooooe 

OO 

0 

ooooe 

OO 

0 

OOOOE 

00 

0 

ooooe 

00 

0 

00006 

00 

3 

0 

ooooe 

00 

0 

GOCOE 

00 

0 

OOOOE 

00 

; 

OOOOE 

00 

0 

OOOOE 

00 

0 

ooooe 

00 

0 

ooooe 

00 

0 

OOOOE 

00 

0 

00006 

00 

0 

ooooe 

00 

4 

0 

ooooe 

oo 

0 

ooooe 

00 

o 

009CE 

00 

' 

OOOOE 

00 

0 

OOOOE 

00 

0 

OOOOE 

00 

0 

ooooe 

00 

0 

ooooe 

OO 

0 

ooooe 

OO 

0 

ooooe 

00 

3 

0 

o:ooe 

00 

0 

OOOOE 

00 

0 

OOOOE 

00 

c 

oocoe 

00 

c 

OOOOE 

00 

0 

ooooe 

00 

0 

ooooe 

00 

0 

OOOOE 

00 

c 

ooooe 

00 

0 

ooooe 

00 

6 

0 

o:ooe 

00 

0 

OOOOE 

00 

0 

OOOOE 

00 

c 

COOOE 

00 

0 

OOOOE 

00 

0 

OOOOE 

00 

0 

ooooe 

00 

0 

ooooe 

00 

0 

OOOOE 

00 

0 

ooooe 

00 

7 

0 

ooooe 

00 

c 

OOOOE 

00 

0 

ooooe 

00 

c 

OOOOE 

00 

0 

ooooe 

00 

0 

OOOOE 

00 

0 

ooooe 

00 

0 

ooooe 

00 

0 

ooooe 

00 

0 

ooooe 

00 

a 

0 

0  D006 

00 

0 

OOOOE 

00 

0 

OOOOE 

00 

c 

OOOOE 

00 

0 

OOOOE 

00 

0 

ooooe 

00 

0 

ooooe 

00 

0 

OOOOE 

00 

0 

00006 

00 

0 

ooooe 

00 

4 

0 

ooooe 

00 

0 

OOOOE 

00 

0 

OOOOE 

00 

c 

OOOOE 

00 

c 

OOOOE 

00 

0 

ooooe 

00 

0 

ooooe 

00 

0 

OOOOE 

oo 

0 

00006 

00 

0 

OOOOE 

00 

1C 

c 

r  300E 

oo 

r. 

OOOOE 

oo 

c 

OOOOE 

oc 

z 

.  "COE 

oc 

0 

OOCOE 

00 

0 

OOOOE 

00 

0 

ooooe 

00 

0 

OOOOE 

00 

c 

00006 

00 

c 

OOOOE 

00 

n 

z 

©?7lE 

00 

c 

C4  *z-z 

oc 

0 

©433E 

:>c 

z 

r-44E 

00 

0 

63ME 

00 

0 

6364E 

00 

c 

6408C 

00 

c 

640OE 

oo 

c 

63316 

00 

c 

66  1  BE 

00 

12 

0 

00 

0 

6623E 

00 

0 

6©30£ 

00 

c 

©o27£ 

00 

0 

6©23C 

00 

0 

6626E 

00 

0 

6627E 

00 

0 

o622E 

oo 

0 

6622E 

00 

0 

6614E 

00 

13 

0 

©7osc 

00 

0 

6823E 

00 

0 

6878E 

00 

c 

©86  7E 

00 

0 

703  IE 

oo 

0 

7O06E 

00 

0 

701  SC 

00 

0 

1 * 
N 
00 
4 

oo 

0 

67446 

00 

0 

66166 

00 

14 

0 

6~34C 

00 

0 

6B45C 

00 

0 

7020C 

00 

0 

7044E 

00 

0 

7123E 

oo 

0 

701 3E 

00 

0 

6892C 

00 

0 

60066 

00 

0 

67746 

00 

0 

66236 

00 

13 

0 

676©C 

00 

0 

6404C 

00 

0 

701 ’E 

00 

c 

71  16E 

00 

0 

7uee 

00 

0 

70006 

00 

0 

68406 

00 

0 

67806 

00 

0 

67116 

00 

0 

63246 

00 

16 

0 

634  7£ 

00 

0 

6*906 

00 

0 

697’E 

00 

0 

’OCOC 

00 

0 

71  17E 

OO 

0 

71  16C 

oo 

0 

70306 

00 

0 

60236 

00 

0 

63706 

00 

c 

64246 

00 

17 

0 

6700C 

00 

0 

©97©E 

00 

0 

7 1  70E 

00 

c 

7143E 

00 

0 

7103€ 

00 

0 

6962E 

00 

0 

6 8236 

00 

0 

6770E 

00 

0 

67206 

00 

0 

64106 

00 

10 

0 

63696 

00 

0 

e9t7E 

00 

0 

7022E 

00 

0 

■'167E 

00 

0 

7234C 

oo 

0 

704  3E 

00 

0 

68206 

00 

0 

67036 

00 

0 

6378C 

00 

0 

63446 

00 

14 

0 

6e32C 

00 

0 

6979E 

00 

0 

7129E 

00 

0 

7139E 

00 

0 

7I38E 

00 

0 

6987E 

00 

0 

68106 

00 

0 

66636 

00 

0. 

63706 

00 

0 

6641E 

00 

20 

0 

6^3  3C 

00 

0 

6884C 

00 

0 

70*46 

00 

0 

7 1 4 1 E 

00 

0 

7130E 

00 

0 

6973e 

00 

0 

6033E 

oo 

0 

6723C 

00 

0 

66306 

00 

0 

66906 

00 

21 

0 

6670C 

00 

0 

6630C 

00 

0 

6832E 

00 

0 

71  19C 

00 

0 

7264E 

OO 

0 

6443C 

oo 

0 

68046 

00 

0 

60346 

oo 

0 

47136 

00 

0 

63716 

00 

22 

0 

6'*3lC 

00 

0 

©700E 

00 

0 

6344E 

00 

5 

6639E 

00 

0 

7O60E 

00 

0 

6942E 

00 

0 

67046 

00 

0 

66446 

00 

0 

66446 

00 

0 

63026 

00 

23 

0 

6"43C 

00 

0 

©7e©E 

00 

0 

67  79E 

00 

c 

6733E 

00 

0 

6676E 

oo 

0 

6769E 

00 

c 

69086 

00 

0 

6832E 

00 

0 

67016 

00 

0 

63746 

00 

24 

0 

©©406 

00 

c 

©656E 

00 

0 

6©38E 

00 

c 

ocj3C 

00 

0 

6620E 

00 

0 

6670E 

00 

c 

66666 

00 

0 

63316 

oo 

0 

64036 

00 

c 

62646 

00 

23 

0 

©©046 

00 

0 

6347C 

00 

0 

6***E 

00 

0 

6307E 

00 

0 

66  QBE 

oo 

0 

6730E 

00 

0 

67266 

oo 

0 

63226 

00 

0 

641  16 

00 

0 

63946 

oo 

26 

0 

6©42C 

00 

0 

6613C 

00 

0 

6613E 

00 

0 

634  3E 

00 

0 

634 2£ 

oo 

0 

7 1 12E 

00 

0 

70236 

oo 

0 

63036 

00 

0 

647  76 

00 

0 

64946 

00 

27 

0 

6  754C 

00 

0 

6722E 

oo 

0 

6397E 

00 

0 

630OE 

00 

0 

6331 E 

00 

0 

4326C 

oo 

0 

381  IE 

00 

0 

64026 

oo 

0 

63006 

00 

0 

6144C 

00 

20 

0 

66126 

00 

0 

67jie 

00 

0 

6  "DOE 

00 

0 

6630E 

00 

0 

6704E 

00 

0 

14496 

00 

c 

13006 

00 

0 

36386 

00 

0 

61316 

00 

0 

60046 

00 

24 

0 

6664C 

00 

0 

6629E 

00 

0 

663 1  E 

00 

0 

6616E 

00 

0 

6644E 

00 

0 

?964€ 

00 

0 

26116 

00 

0 

2232C 

00 

0 

6200C 

00 

0 

62376 

00 

30 

0 

6636C 

00 

0 

6602E 

00 

0 

6©  ME 

00 

0 

660 1C 

00 

0 

661  IE 

00 

c 

633*E 

00 

c 

61346 

00 

0 

3473E 

00 

0 

61  136 

00 

0 

63216 

00 

31 

0 

6614C 

00 

0 

6613E 

00 

0 

662  IE 

00 

0 

660  IE 

00 

0 

66 1  DC 

00 

0 

64S2E 

00 

0 

©3706 

00 

0 

64346 

00 

0 

61046 

00 

0. 

6343C 

00 

32 

0 

6©136 

00 

0 

661  3E 

00 

0 

6621 E 

00 

0 

6692C 

00 

0 

6613E 

GO 

c 

6477E 

00 

0 

64736 

00 

0 

63406 

oo 

0 

66676 

00 

0 

6436C 

00 

33 

0 

6620C 

00 

0 

6613C 

00 

0 

662  IE 

00 

0 

66028 

00 

0 

6614E 

oc 

c 

6463C 

00 

0 

63706 

00 

0 

66706 

00 

0 

66036 

00 

0 

60426 

00 

34 

0 

6©20€ 

00 

0 

6620E 

00 

0 

6632C 

00 

0 

66236 

00 

c 

67C9E 

oc 

c 

6626E 

00 

0 

66836 

oo 

0 

67336 

00 

0 

60346 

00 

0 

64736 

00 

33 

0 

6  ©2  46 

00 

0 

6366E 

00 

0 

6349C 

00 

0 

64C0E 

00 

0 

236 oe 

oc 

c 

92 64£ 

00 

c 

63626 

00 

0 

66496 

oo 

0 

67336 

00 

0 

6061C 

00 

36 

0 

6626C 

00 

0 

634  8E 

00 

0 

631  1£ 

00 

0 

6?07t 

oc 

0 

368 1  E 

00 

C- 

922©E 

00 

c 

©3406 

00 

0 

64996 

oo 

0 

63306 

00 

0 

6634E 

00 

37 

0 

6616C 

00 

0 

6*236 

oo 

0 

6633C 

00 

0 

6603E 

oo 

0 

64  30E 

03 

c 

©208C 

00 

0 

6231E 

00 

0 

©4  436 

00 

0 

63 306 

00 

0 

6337C 

00 

30 

0 

6677C 

00 

0 

6343E 

00 

0 

6394£ 

00 

0 

66  90C 

00 

0 

7052E 

or 

c 

t  "7C€ 

oc 

r 

©443E 

00 

0 

64206 

00 

0 

63376 

00 

0 

63346 

00 

34 

0 

©nsc 

00 

0 

6?©9E 

00 

0 

6720€ 

00 

0 

6*146 

00 

0 

’36  3E 

oc 

c 

l 

oc 

z 

fc  "366 

oo 

0 

6373E 

00 

0 

63306 

00 

0 

66606 

00 

40 

0 

©©606 

00 

0 

6706C 

00 

0 

6724E 

00 

0 

6862C 

00 

0 

71*’3E 

00 

c 

~042E 

C-0 

0 

"0236 

00 

0 

68386 

oo 

0 

6747E 

00 

0 

67246 

00 

41 

0 

6630C 

00 

0 

6644C 

00 

0 

6606C 

00 

0 

664*6 

00 

0 

633  If 

oo 

0 

6043E 

00 

0 

70676 

oo 

0 

70626 

00 

0 

64006 

00 

0 

60226 

00 

42 

0 

oo 

0 

6742C 

00 

0 

6723E 

00 

0 

6347E 

oo 

0 

66  13E 

00 

c 

6620C 

00 

0 

©8266 

00 

0 

64306 

oo 

0 

60846 

00 

0 

70126 

00 

43 

0 

6e06C 

00 

0 

6606C 

00 

0 

6612E 

00 

0 

66  13E 

00 

0 

662  Df 

or 

0 

©960C 

00 

c 

691  OE 

00 

0 

66426 

00 

0 

64146 

00 

0 

64006 

00 

44 

0 

6621 C 

00 

0 

662  IE 

00 

0 

6©2 1 E 

00 

0 

6616C 

oo 

c 

!>©2Bf 

:>r 

0*j 

” 

S*T1E 

00 

0 

6  ©07C 

oo 

0 

63496 

00 

0 

6604E 

00 

43 

0 

©©276 

00 

0 

6632E 

oo 

0 

©©286 

00 

0 

66  13C 

00 

c 

6©23l 

■  >; 

0 

C4'«t 

00 

c 

©9296 

CO 

0 

6337E 

00 

0 

64336 

00 

0 

6367E 

00 

46 

0 

©9426 

00 

0 

63’3C 

00 

0 

6?43C 

00 

o 

6614E 

00 

c 

©621c 

02 

0 

©334C 

00 

c 

6  364E 

00 

0 

©4766 

00 

0 

64366 

00 

0 

63106 

00 

47 

0 

6?ioe 

00 

c 

©4«2C 

oo 

0 

6301 E 

oc 

0 

6©02E 

oo 

0 

662  3t 

oc 

c- 

6  324£ 

oo 

0 

6*»406 

00 

0 

64436 

00 

0 

©334C 

00 

0 

64]7fc 

00 

40 

0 

6V6C 

00 

V 

©o  ”  *E 

00 

0 

63©2E 

oc 

z 

e>*6  BE 

oo 

c 

2P4.;.£ 

C  ■ 

oc 

c 

©2^76 

00 

0 

6406E 

00 

c 

64]  1C 

00 

c 

6376E 

00 

44 

0 

©M2C 

oo 

©4 *  IE 

00 

0 

©*i  :e 

oc 

c 

~.fr«c 

00 

V 

,  «. :  -  r 

903C 

00 

c 

63306 

oc 

0 

6300C 

00 

0 

64*46 

00 

0 

©*  1 8€ 

oo 

30 

0 

6*306 

00 

r 

00 

0 

6  ©03C 

oo 

c 

-404E 

00 

c 

606  OE 

oc 

4336C 

00 

0 

9*2 1 F 

00 

0 

6207E 

00 

0 

624  7C 

oc 

0 

6403E 

00 

3-21 


I 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

SSS233SS3535eKCCSCS!:Rf:8:38S8«Slt?Jt!C?E?tf:8 


21  22  2  3  3*  :?  56  27  20  59  30 


51  0  ©5351  00  0  ©5*4£  00  0  6©03t  00  0  663<E  00  0  45651 

33  0  6«l43C  OC  C  ©430E  00  0  6453E  00  0  o552E  00  0  65791 

33  0  ©4491  OZ  0  ©443E  00  0  6«lo€  00  0  6«03£  OO  0  63961 

34  0  ©4331  00  C  fc5*.6E  OO  O  6*9e*t  00  0  65431  00  0  6364E 

33  0  ©373€  00  0  ©S**©  00  0  6238E  00  0  6403E  OO  0  69601 

36  0  o©36l  00  0  ©o 2B€  00  0  6584E  00  0  6534E  00  0  6569£ 

37  0  624JE  00  0  62° 1 E  00  0  6©06£  00  O  6591E  00  0  66331 

64941  OO  0  65031  00  0  63431  00  0  6469E  OO  0  6769C 

©3331  00  0  65«EE  00  0  6625E  00  0  65C9E  00  0  64701 

63601  00  ?  661 7E  00  0  657“E  00  0  649©E  00  0  63601 

©MIC  OO  :  o©X2E  00  C  63'*3E  00  C  ©4  39E  00  0  6370E 

©383E  (/'  :  ©6;3E  00  0  65© 3E  00  C  e-7©!  00  0  663 IE 

6~3It  OO  0  6386E  00  0  633eE  00  0  65031  OO  0  67331 

66101  00  0  6  5971  00  0  63431  00  0  64631  00  0  67171 

66041  00  0  6544C  00  O  67331  00  0  69631  00  0  69731 

6S341  OO  0  67341  00  0  6074E  00  0  73*01  OO  0  73771 

70101  00  0  6960E  00  0  69381  00  0  73401  00  0  739 lE 

68301  00  0  68361  00  0  689*1  00  0  66931  00  0  63331 

67771  00  0  6*67!  00  0  67011  00  0  67961  OO  O  60051 

68701  OO  0  68641  00  O  67861  00  0  67931  00  0  60041 

68031  00  0  6836E  00  0  67931  00  0  67751  00  0  67051 

68031  OO  0  67761  00  O  6797C  00  0  67681  00  0  66641 

67001  00  0  67921  OO  O  67911  00  0  6797 £  00  0  60061 

680 IE  00  0  60071  00  0  68061  00  0  60051  00  0  60051 

66961  00  0  663 IE  00  0  6©4 01  00  0  66401  00  O  66401 

66401  00  0  6618E  00  0  663IE  00  0  66311  00  O  66311 

66311  00  0  66311  00  0  66311  00  0  66221  00  O  66331 

66191  OO  0  66331  00  0  66 1 31  00  0  66041  00  O  66081 

65491  00  0  6643E  00  0  6557£  00  0  64081  00  0  64001 

66141  00  0  6633E  00  0  66301  00  0  66051  00  0  6607E 

66131  00  O  665 lE  00  0  66361  00  0  66201  00  O  66101 

66601  00  O  66501  00  0  66331  00  O  66201  00  O  66171 

666 41  00  0  65901  00  0  63961  00  0  66341  00  0  66221 

63631  00  0  6332E  00  0  64071  00  0  66441  00  0  66401 

63111  00  O  ©4461  OO  0  63701  00  0  6«60!  00  0  64501 

64711  00  0  ©390E  00  O  63931  00  O  6«MC  00  0  64341 

64451  00  0  63531  00  O  63091  00  O  647IC  00  0  63331 

64301  00  0  6337E  00  0  631 81  00  0  64701  00  O  63671 

63301  00  0  65*31  00  0  63331  00  0  64431  00  0  64371 

OOOOC  OC  0  65I6E  00  0  63551  00  0  6459£  00  0  6359£ 

OrCOt  00  0  OO-'-Oc  00  0  00001  00  C  OOOOC  00  0  OOOOC 

OOOOC  00  0  OOOOC  00  0  OOOOC  00  0  OOOOC  00  O  OOOOC 

OOOOC  00  0  OOOOC  00  O  00001  00  0  OOOOC  00  0  OOOOC 

00001  00  3  OOOOC  00  0  OOOOC  00  0  OOOOC  OO  0  OOOOC 

C0OO1  00  0  OO.  OE  00  0  OOOOC  00  0  OOOOC  00  0  OOOOC 

ocooi  oo  :  oc  '*oe  oo  o  ooooc  oo  o  oocx  oo  o  ooooc 

00001  oc  :  OOOOC  oo  0  OOOOC  00  0  00031  00  0  ooooc 

OOOOE  OC  '  00' Of  00  0  ooooc  00  0  OOOOC  00  o  ooooc 

0XX51  or  0 O?0r  00  0  0  OOC  00  0  OOOOC  00  0  OOOOC 
OX>OC  00  V  00*0.*  00  0  OOOOC  00  0  00031  00  0  ooooc 


00  0  59661  00  0  59951  00  0  ©324 E  00  0  63551  OO  0  64121  00 
00  0  66331  00  0  63901  00  0  61S3E  00  0  63001  00  0  64001  00 
00  0  65371  00  0  66331  00  0  633©E  00  0  64001  00  0  64231  00 
00  0  6391E  00  0  63691  00  0  66291  00  0  66901  00  O  63701  OO 
00  0  6391E  00  0  o6421  00  0  67331  00  0  6766E  00  0  68311  00 
00  0  6372E  00  0  o©70E  00  0  6763C  00  0  6707E  00  0  6938E  00 
00  0  667 1 C  00  C  67321  OO  0  6792C  00  0  60371  00  O  69301  00 
00  0  69321  00  0  69791  00  0  70221  00  0  71601  00  0  71331  00 
00  0  63731  00  0  67341  00  0  6910E  00  0  60021  00  0  60211  00 
00  0  6  5881  00  C  66091  00  0  6664E  00  0  67041  00  0  69011  00 
00  0  ©6731  00  C  6?401  00  0  6612E  00  0  60901  00  0  69501  00 
00  0  67591  00  C  ©8811  00  0  6934E  00  0  69341  00  0  69441  00 
00  0  67901  00  0  67691  00  0  67421  00  0  67741  00  0  69351  00 
OO  0  60031  00  0  69241  00  0  69011  00  0  70661  00  0  69541  00 
00  0  71171  00  0  71191  00  0  70601  00  0  70961  00  O  70601  00 
00  0  75171  OO  0  73491  00  0  72501  00  0  71031  00  0  71091  00 
00  0  7702E  00  0  75701  00  O  74041  00  0  73211  00  0  73241  00 
00  0  73821  00  0  76021  00  0  74391  00  0  74721  00  0  74591  00 
00  0  65471  00  0  70341  00  0  77341  00  0  77431  00  0  75941  00 
00  0  6652E  00  0  67991  00  0  7337E  00  0  77231  00  0  75651  00 
00  0  66001  00  0  69331  00  0  74781  00  0  70991  00  0  77111  00 
00  O  66941  00  0  70191  00  O  73551  00  0  74591  00  0  73431  00 
00  0  6 6861  00  0  66191  00  0  64211  00  0  61  011  00  0  61331  00 
00  0  60131  00  0  67001  00  0  6994E  00  0  70831  00  0  62001  00 
00  0  6639E  00  0  66311  00  0  66761  00  0  57961  00  0  63491  00 
00  0  66361  OO  0  66061  00  0  47041  00  0  15001  00  0  61071  00 
00  0  65961  00  0  65001  00  0  54701  00  0  36041  00  0  59621  00 
00  0  65031  OO  0  65321  OO  0  66111  00  0  64201  00  0  60891  00 
00  0  65761  00  0  66421  00  0  65691  00  0  63701  00  0  62001  00 
00  0  64941  OO  O  65251  OO  0  64901  00  0  62361  00  0  63401  00 
00  0  66941  00  0  66601  00  0  65041  00  0  63551  00  0  65071  00 
00  0  66941  00  0  66641  00  0  65461  00  0  64601  00  0  65001  00 
00  0  66101  00  0  65991  00  0  65741  00  0  65741  00  0  66021  00 
00  0  66261  OO  0  66031  00  0  65651  00  0  65921  00  0  67231  00 
00  0  65741  00  O  66101  00  0  66201  00  0  67331  00  0  67411  00 
00  0  64491  OO  0  65241  00  0  66461  00  0  67©7E  00  0  68761  00 
00  0  65231  00  0  65361  00  0  66401  00  O  60011  00  0  70061  00 
00  0  66191  OO  O  65941  00  0  66401  00  0  60301  00  0  71201  00 
00  0  65531  00  0  65951  OO  0  66541  00  0  6033E  00  0  71331  00 
00  0  65151  00  0  660 1 E  00  0  6657£  00  0  6035E  00  0  71531  00 
00  0  OOOOC  00  O  OOOOC  OO  O  OOOOC  00  0  OOOOC  OO  0  OOOOC  00 
00  0  OOOOC  OO  0  OOOOC  00  0  OOOOC  00  O  OOOOC  00  0  ooooc  oo 
00  0  OOOOC  00  0  OOOOC  OO  0  OOOOC  00  0  OOOOC  00  0  ooooc  00 
00  0  OOOOC  00  0  OOOOC  OO  0  OOOOC  00  0  OOOOC  oo  o  ooooc  oo 
OO  0  OOOOC  00  0  OOOOC  00  0  ooooc  00  0  ooooc  00  0  ooooc  oo 
00  0  ooooc  00  c  ooooc  OO  0  OOOOC  OO  o  OOOOC  00  0  OOOOC  00 
OO  0  OOOOC  00  C  ?OOOC  00  0  OOOOC  00  C  OOOOC  00  c  ooooc  oo 
oo  o  ooooc  oo  ooooc  oo  o  ooooc  or  c  ooooc  oo  r  ooooc  oo 
00  0  ooooc  oc  c  ooooc  00  0  ooooc  OC  C  OOOOC  OC  f,  OOOOC  oo 
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A. 3.1.3.  Radiance  Module 


Display  of  user  specified  input  file  (Fortran  Unit  5) . 


1)  3  9 

2)  10.  4 

3)  0. 

4)  100  100 

5)  286. 

6)  0025 


1  1981  2210. 

12.5  16  76  -149.5  67.  VO 

-149.  5  67.  78 

280. 

0025 


Display  of  run  time  diagnostics  and  statistics  output  file  (Fortran 

Unit  6)  . 


ZENITH  ANGLE  OF  SUN  (DECS):  59.4 
ZENITH  ANCLE  OF  OBSERVER  (DECS):  0.0 


IN-BAND  DIFFUSE  REFLECTANCES 
BAND  (MICRONS):  10.4 
TO  12.  5 


MATERIAL  REFLECTANCE 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

12 

13 

14 


0.  01 
0.  08 
0.  03 
0.  03 
0.  09 
0  03 
0.  03 
0  05 
0.  03 
0.  14 
0.  10 
0.  07 
0  02 
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RESULTS  OF  CURVE  FITS  TO 
ATMOSPHERIC  VALUES  VS'  ALTITUDE 
REFLECTED  SOLAR  VS  OBSERVER  POSITION 
ALTITUDE  =  0.0  KM 

DEGREE  OF  BEST  FIT  POLYNOMIAL:  4 
SUM  SQUARE  ERROR:  1.  592E-10 
REFLECTED  SOLAR  VS  OBSERVER  POSITION 
ALTITUDE  =  1.0  KM 

DEGREE  OF  BEST  FIT  POLYNOMIAL:  4 
SUM  SQUARE  ERROR:  1.  010E-10 
REFLECTED  SOLAR  VS  OBSERVER  POSITION 
ALTITUDE  =  2.  0  KM 

DEGREE  OF  BEST  FIT  POLYNOMIAL.  4 
SUM  SQUARE  ERROR:  1.  692E-10 
REFLECTED  SOLAR  VS  OBSERVER  POSITION 
ALTITUDE  »  4.  0  KM 

DEGREE  OF  BEST  FIT  POLYNOMIAL:  4 
SUM  SQUARE  ERROR:  1.  573E-10 
REFLECTED  SOLAR  VS  OBSERVER  POSITION 
ALTITUDE  =  7.  0  KM 

DEGREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR:  1.  09 IE- 10 
REFLECTED  SOLAR  VS  OBSERVER  POSITION 
ALTITUDE  =  10.  0  KM 
DEGREE  OF  BEST  FIT  POLYNOMIAL:  4 
SUM  SQUARE  ERROR:  1.010E-10 


REFLECTED  SOLAR 

DEGREE  OF  BEST  FIT  POLYNOMIAL:  5 
SUM  SQUARE  ERROR:  2.  592E-10 


PATH  TRANSMISSION 

DEGREE  OF  BEST  FIT  POLYNOMIAL.  5 

SUM  SQUARE  ERROR.  3  112E-12 


PATH  RADIANCE 

DEGREE  OF  BEST  FIT  POLYNOMIAL:  5 
SUM  SQUARE  ERROR:  1  032E-09 
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APPARENT  REELECTED  SGlAR  (W/CM»*2/SP> 


MATERIAL  MEAN  SDEV  MIN  MAX 

S  2  266E-07  1  92IE-07  0  OOOE-OI  4  J.VH  07 


APPARENT  REFLECTED  SKVSHINF  (W/CM**2/SR > 

MATERIAL  MEAN  SDEV  MIN  MAX 

8  1  659 E -05  2  183E-06  t  J63E-05  1  96UF -05 


APPARENT  THERMAL  RADIANCE  <W/CM«*2/SR> 

MATERIAL  MEAN  SDEV  MIN  MAX 

8  1  320E-03  6  264E-05  I  234E-03  1  4V0F -03 


aqparent  path  radiance  !w/cm**2/SR) 

MATERIAL  MEAN  SDEV  MIN  MAX 

8  6  063E-05  1  255E-05  5  364E-03  9  370E  -05 


surface  temperature  <k> 

MATERIAL  MEAN  SDEV  MIN  MAX 

8  2  823E  02  3  006E  00  2  779E  02  2  V(>OF  02 


apparent  scene  RADIANCE  <W/CM**2/SR> 

MATERIAL  MEAN  SDEV  MIN  MAX 

8  1  236E-03  2  130E-04  2  839E-04  I  4641- -03 


DIFFUSE  OR  BI-DIRECTIONAL  REFLECTANCE 

MATERIAL  MEAN  SDEV  MIN  MAX 

8  A  707E-02  0  OOOE-Ol  4  707E-02  4  70 /f  02 


T-25 


ASCII  Display  of  a  portion  of  the  binary  radiance  map  output  file 
(Fortran  Unit  17).  One  third  or  the  scene  i  le ftmost  portion)  is  shown. 
Columns  1-10  are  uniformly  zero  ithe  field  or  view  extends  beyond  the 
edge  of  the  scene)  are  are  not  included. 
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A. 3.2  Test  Case  II  -  Brooks  Range  (Solar  Band) 


A. 3. 2.1  Atmospheric  Module 

Display  of  input  file  (Fortran  Unit  7)  for  Brooks  Range  solar 
reflective  band. 

1)  3  16.  76  3.  6  4.  0 

2)  1  1  1  1  0  0  0  23.  0 

Display  of  the  atmospheric  diagnostic  output  file  (Fortran 
Unit  6).  Selected  standard  atmosphere  is  represented  parametrically  for 
5  zenith  angles  and  6  altitudes.  Air  masses  computed  using  the  Chapman 
function. 
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48  2 

1  5 

3  418E-04 

70  8 

3  0 

3  155E-04 

80  8 

6  0 

2  718E-04 

86  0 

12  0 

L  029E-OF 

REFLECTED  solar 
OBSERVE1"-  ZENNITH  ANGLE  =  ’0  0 
DEGREE  OF  BEST  FIT  POLYNOMIAL 
SUM  SQUARE  ERROR  5  R57E-11 


OBSERVER 

2  A  AM  PATH  RADIANCE  PATH  TRANSMISSION 


80  8 

6  0 

5  558E-C"’  c  999E- 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  C 

3  011 E -04 

48  2 

1  5 

2  90PS-04 

70  8 

3  0 

2  735c  -04 

80  8 

6  0 

2  387c  -04 

86  0 

12.  0 

1  817E-04 

REFLECTED  SOLAR 
OBSERVER  2ENNITH  ANG^E  =  60  6 
DEGREE  OF  BEST  FIT  POLYNGMIAl.  A 
SUM  SQUARE  ERROR  7  026E- 11 


OBSERVER 

za  am  path  radiance  path  transmission 

86  0  12  0  e  696E-07  5  118E-01 

SOLAR 

2A  AM  REFLECTED  SOLAR 


0 

O' 

1.  0 

226E-04 

43 

2 

1  5 

2 

181E-04 

70 

8 

3  0 

2 

05SE-04 

80 

8 

6  0 

1 

829E-04 

86 

0 

12  0 

1 

436E-04 

REFLECTED  SOLAR 
OBSERVER  ZEMVITh  ANGLE  =  86  0 
DEGREE  OF  BEST  FIT  POLYNOMIAL  A 
SUM  SQUARE  ERROR  6  639E-U 


ZENITH  ANCLE  SKYSHIIC  ( W/CM*-*2/SR  ) 

15  1  248 E-07 

45  1  677E-07 

75  4  202E-07 

path  TRANSMISSION 
DEGREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  <5  237E-13 

PATH  RADIANCE 

DEGREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  2  51  PE* 10 


3-  35 


I 


RESULTS  FOP  BACKGROUND  ALTITUDE  -  4  KM 

APPARENT  REFLECTED  SOLAR 


OBSERVER 

2 A  AM  PATH  RADIANCE  PATH  TRANSMISSION 


G  0 

I  0 

3  888E-08  9  616E- 

SOLAR 

ZA 

AM 

REFLECTED  SOLAP 

0  0 

1  0 

4  173E-04 

46  2 

1  5 

4  0R4E-04 

70  8 

3  C 

3  883E-04 

80  B 

6  0 

3  530E-04 

86  0 

12  0 

2  946E-04 

REFLECTED  SOLAR 
OBSERVER  ZENNITH  ANGLE  =00 
DEGREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  5  707E-11 


OBSERVER 

ZA  AM  PATH  RADIANCE  PATH  TRANSMISSION 

48  2  155  649E-0S  9  441E-01 

SOLAR 

ZA  AM  REFLECTED  SOLAR 

00  10  4  102E-04 

40  2  1  5  4  028E  -04 

70  8  30  3  825E-04 

80  8  60  3  483E-04 

86  0  120  2  914E-04 

REFLECTED  SOLAR 
OBSERVER  ZENNITH  ANGLE  =  45  2 
DEGREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  5  3o6E-ll 


OBSERVER 

ZA 

AM 

PATH 

RADIANCE  ^ATH  TRANSMISSION 

70  8 

3  0 

1  040E-0"  8  R51F-C; 

SOLAR 

ZA 

AM 

reflects:-  sola* 

0  0 

1  0 

3 

908E "04 

48  2 

1  5 

3 

044E -04 

70  8 

3  0 

3 

6to2E-0* 

80  8 

6  0 

3 

300E  -  04 

86  0 

12  0 

B20E -04 

REFLECTED  SOLAR 

OCSERVEP  ZENNITH 

ANC»i_  £  T  r 

DEGREE 

OF 

BEST  F! 

T  D0L  '  NQM  I  A«_  A 

SUM  SQUARE 

ERROR 

!■  c-:e-i: 

3-36 


I 


OBSERVER 

ZA 

AM 

path  radiance  path  transmission 

80  8 

C 

1  803E-0-  E  145E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

3  574E-0A 

48  2 

1  5 

3  522E-0A 

70  8 

3  0 

3  37  IE -04 

80  8 

6  0 

3  107E-04 

86  0 

12  0 

2  643E-04 

REFLECTED  SOlAR 

OBSERVER  ZENN [Th  ANG^E  =  BC  e 

DEGREE  OF  EES'  fit  POLYNOMIAL  A 


SUM  5QUARF  ERROR  3  3B8E-1I 


OBSERVER 

ZA  AM  PATH  RADIANCE  PATH  TRANSMISSION 


86  0 

12  0 

3  085E-07  6  7B8E- 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

3  000E-04 

48  2 

1  5 

2  963E-04 

70  8 

3  0 

2  e57E-04 

80  8 

6  0 

2  663E-04 

06  0 

12  0 

2  305E-04 

REFLECTED  SOLAR 
OBSERVER  ZENN I Th  ANGLE  =  86  0 
DEGREE  OF  BEST  Fir  POLYNOMIAL  A 
SUM  SQUARE  ERROR  8  S27E-11 


ZENITH  ANGLE  SF.vshINE  <W/CM»«i/SP< 

IS  3  RWE-DS 

45  5  265E-08 

75  I  339E-07 

nATH  TRANSMISSION 
DEGREE  OF  BEST  FIT  POL  YNOMIAL  A 
SUM  SQUARE  ERROR  1  222E-12 

PATH  RADIANCE 

DEGREE  OF  BEST  FIT  FOI VNOMIAL  4 
SUM  SQUARE  ERROR  Z  028E-10 


I-  Vi 


RESULTS  FOR  BACKGROUND  ALTITUDE 


K* 


apparent  reflected  solar 


OBSERVER 


ZA 

AM 

PATH  RADIANCE  PATH 

0  0 

1  0 

7  104E-0®  °  808E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

4  335E-04 

48  2 

1  5 

4  2R1E-04 

70  e 

3  0 

4  17 1 E -04 

80  8 

o  0 

3  9e6E-04 

86  0 

12  0 

3  617E-04 

i  I  ON 


REFLECTED  SOLAR 
OBSERVER  ZENITH  ANGLE  =  0  0 

DEGREE  OF  BEST  FIT  POLYNOMIAL 
SUM  SQUARE  ERROR  6  639£-U 


OBSERVER 


ZA 

48 

2 

AM 

1  5 

PATH  RADIANCE  PATH 
1  037E-0e  9  721E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0 

0 

1  0 

4  299E-04 

48 

2 

1  5 

4  257E-04 

70 

8 

3  0 

4  140E-04 

80 

8 

6  0 

3  94 IE -04 

86 

0 

12  0 

3  599E-04 

REFLECTED  SOLAR 
OBSERVER  ZEWITH  ANCLE  =  49  2 
DEGREE  OF  BEST  FIT  POLYNOMIAL 
SUM  SQUARE  ERROR  8  49 IE- 11 


OBSERVER 


ZA 

AM 

PATH  RADIANCE  P  ATI 

70  B 

3  0 

1  938E-06  9  470E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

4  199E-04 

48  2 

1  5 

4  160E-04 

70  8 

3  0 

4  0S4E-04 

80  8 

6  0 

3  868E-Q4 

86  0 

12  0 

3  54  3E-04 

REFLECTED  SOLAR 
OBSERVER  ZENNITH  ANGLE  =  70  6 
DECREE  OF  BEST  FIT  POLYNOMIAL 
SUM  SQUARE  ERROR  '  7<5<5E-11 


OBSERVER 

ZA  AM 

PATH  RADIANCE  PATH  TRANSMISSION 

ec  e 

6  0 

3  465E-OB  R  G37E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

4  020c -04 

48  2 

1  5 

3  988E -04 

70  6 

3  0 

3  896E-04 

80  8 

6  0 

3  731E-04 

86  0 

12  0 

3  434E -04 

REFLECTED 

SOLAR 

OBSERVER  ZENNITH  ANClE  =  80  B 
DECREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  7  412E-U 


OBSERVER 


ZA 

AM 

PATH  RADIANCE  PATH 

86  0 

12  C 

6  209E-08  6  266E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOLAR 

0  0 

1  0 

3  692E-04 

4B  2 

1  5 

3  667c -04 

70  6 

3  0 

3  595E-04 

so  e 

6  G 

3  464E-04 

86  0 

12  0 

3  216E-04 

REFLECTED  SXAR 
OBSERVER  ZENNITH  ANCLE  ■  66  0 
DEGREE  OF  BEST  FIT  pol'HOHIAL 
SUM  SQUARE  ERROR  2  478E-U 


ZENITH  angle 


SMY5HINE  (W/CM»*?/SR> 


15  7  8BOE-0R 
45  1  059E-05 
75  2  626E-C6 


PATH  TRANSMISSION 

DECREE  OF  BEST  FIT  POLYNOMIAL  4SU"  SQUARE  ERROR 


P4T-I  RADIANCE 

DrGREE  OF  BEST  FIT  POLYNOMIAL  4 
3U*«  SQUARE  ERROR  2  6  74E-I0 


RESULTS  FOR  BACKGROUND  ALTITUDE  «■  10  k« 
APPARENT  REFLECTED  SOLAP 


OBSERVER 


ZA 

AM 

PATH  RADIANCE  PATH 

0  0 

1  C 

2  162E-09  9  900E-01 

SOLAR 

ZA 

AM 

REFLECTED  SOlAP 

0  0 

1. 0 

4  41  IE -04 

4S  2 

1  5 

4  383c -0& 

70  8 

3  0 

4  306E-04 

80  8 

6  0 

4  175E-04 

86  0 

12  0 

3  94SE-04 

REFLECTED  SOLAR 

OBSERVER  ZENITH  ANGLE  =  0  0 

DEGREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  6  298E-11 


TRANCM;cc;qn 


OBSERVER 

ZA  AM  PATH  RADIANCE  PATH  TRANSMISSION 

46  2  1  5  2  147E-C-9  9  e54E~01 

SOLAR 

ZA  AM  REFLECTED  S0l4R 
00  10  4  392c -04 

48  2  15  4  364E-04 

TO  8  30  4  290E-04 

80  8  6  0  4  16 1 E  -04 

86  0  12  0  3  937E-04 

REFLECTED  SOLAR 
OBSERVER  ZENNITH  ANGLE  =  48  2 
DECREE  OF  BEST  FIT  POLYNOMIAL  4 
SUM  SQUARE  ERROR  5  025E-11 


OBSERVER 

ZA 

AM 

PATH  RADIANCE  PATH 

70  e 

3  0 

5  995E-OP  9  7j9E.D; 

SOLAR 

ZA 

AM 

REFLECTED  SOLAP 

0  0 

1  0 

4  337E-04 

48  2 

1  5 

4  312c -04 

70  8 

3  0 

4  242E-04 

80  8 

6  0 

4  V20E-04 

86  0 

12  0 

3  905E-04 

REFLECTED  SOLAR 
OBSERVER  ZEWITh  ANG^E  --  70  8 
DEGREE  OF  BEST  fit  polynomial  4 
SUM  SQUARE  ERROR  4  729E-11 


TRANSMISSION 


3-40 


I 


r 


Display  of  the  atmospheric  module  output  data  base  (Fortran  Unit  5) . 
Header  (Line  1)  contains  parameters  used  to  generate  the  database.  Lines 
2-44  contain  the  coefficients  of  the  polynomial  curve  fits  to  the  computed 
atmospheric  values. 
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A. 3. 2. 2  Geometric  Module 


required. 


Case  II  is  also  a  nadir  view  and  a  new  geometric  run  is  not 
A. 3.2. 3  Radiance  Module 

Display  of  user  specified  input  file  (Fortran  Unit  5) . 


1 ) 
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1  1981 

2210. 
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Display  of  run  time  diagnostics  and  statistics  output  file 
(Fortran  Unit  6) . 


ZENITH  ANCLE  OF  SUN  (DECS):  59.4 
ZENITH  ANGLE  OF  OBSERVER  (DECS):  0.0 


IN-BAND  DIFFUSE  REFLECTANCES 
BAND  (MICRONS):  3.6 
TO  4.  0 


MATERIAL  REFLECTANCE 


1 

0.  02 

2 

0.  10 

3 

0.  03 

4 

0.  12 

5 

0  14 

6 

0.  43 

7 

0.  02 

8 

0.  15 

9 

0.  12 

10 

0.  16 

12 

0.  18 

13 

0.  09 

14 

0.  04 
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RESULTS  OF  CURVE  FITS  TO 
ATMOSPHERIC  VALUES  VS'  ALTITUDE 
REFLECTED  SOLAR  VS  OBSERVER  POSITION 
ALTITUDE  =  0.  0  KM 

DEGREE  OF  BEST  FIT  POLYNOMIAL:  4 
SUM  SQUARE  ERROR:  7.  458E-11 
REFLECTED  SOLAR  VS  OBSERVER  POSITION 
ALTITUDE  =  1.  0  KM 

DEGREE  OF  BEST  FIT  POLYNOMIAL:  4 
SUM  SQUARE  ERROR:  5.  707E-11 
REFLECTED  SOLAR  VS  OBSERVER  POSITION 
ALTITUDE  =  2.  0  KM 

DECREE  OF  BEST  FIT  POLYNOMIAL:  4 
SUM  SQUARE  ERROR:  6.  639E-11 
REFLECTED  SOLAR  VS  OBSERVER  POSITION 
ALTITUDE  =  4.  0  KM 

DEGREE  OF  BEST  FIT  POLYNOMIAL:  4 
SUM  SQUARE  ERROR:  4.  729E-11 
REFLECTED  SOLAR  VS  OBSERVER  POSITION 
ALTITUDE  =  7.0  KM 

DEGREE  OF  BEST  FIT  POLYNOMIAL:  4 
SUM  SQUARE  ERROR:  3.  683E-U 
REFLECTED  SOLAR  VS  OBSERVER  POSITION 
ALTITUDE  =  10.  0  KM 
DEGREE  OF  BEST  FIT  POLYNOMIAL:  4 
SUM  SQUARE  ERROR:  4.  729E-11 


REFLECTED  SOLAR 

DEGREE  OF  BEST  FIT  POLYNOMIAL:  5 
SUM  SQUARE  ERROR:  1.  050E-10 


PATH  TRANSMISSION 

DEGREE  OF  BEST  FIT  POLYNOMIAL.  5 

SUM  SQUARE  ERROR:  2  544E-12 


PATH  RADIANCE 

DEGREE  OF  BEST  FIT  POLYNOMIAL.  5 
SUM  SQUARE  ERROR:  1  074E-09 


3-43 


I 


APPARENT  REFLECTED  SOLAR  <W/C(1**2/SR ) 


HATER  I AL  MEAN  SDEV  MIN  MAX 

8  9  S12E-06  e  062E-06  0  OOOE-Ol  1  7tOF  05 


APPARENT  REFLECTED  SFYSHINE  (W/CM**2/SR> 

MATERIAL  MEAN  SDEV  MIN  MAX 

8  2  037E-07  2  911E-0B  1  405E-07  2  A l-VI-  07 


APPARENT  THERMAL  RADIANCE  <W/CM**2/SR) 

MATERIAL  MEAN  SDEV  MIN  MAX 

8  6  989E-06  1  003E-06  5  62BE-06  9  HOW  06 


APPARENT  PATH  RADIANCE  (W/CM**2/SP > 

MATES I AL  MEAN  SDEV  MIN  MAX 

8  2  658E-07  3  B11E-08  1  812E-07  3  202E  07 


SURFACE  TEMPERATURE  <K> 

MATERIAL  MEAN  SDEV  MIN  MAX 

8  2  B23E  02  3  006E  00  2  777E  02  2  7001  02 


APPARENT  SCENE  RADIANCE  ( W/CM**2/5R > 

MATEPIAL  MEAN  SDEV  MIN  MAX 

8  1  515E-05  8  637E-06  I  354E-06  2  D21F  05 


DIFFUSE  OR  BI-DIRECTIONAL  REFLECTANCE 

MATERIAL  MEAN  SDEV  MIN  MAX 

8  1  520E-01  0  OOOE-Ol  1  520E-01  1  WOT  01 
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ASCII  display  of  a  portion  of  the  binary  radiance  map  output  file 
(Fortran  Unit  17).  One  third  of  the  scene  (leftmost  portion)  is  shown. 
Columns  1-10  are  uniformly  zero  (the  field  of  view  extends  beyond  the 
edge  of  the  scene)  and  are  not  included. 
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MISSION 

of 

Rome  Air  Development  Center 

RAtJC  plan*  and  executes  research,  development,  tut  and 
selected  acquisition  programs  In  support  o{  Command,  Contact 
Communications  and  Intelligence  (Cyi)  activities.  Technical 
and  engineering  support  within  areas  o{  technical  competence 
Is  pnentided  to  BSD  Program  Offices  {PCs)  and  other  BSD 
elements.  The  principal  technical  mission  areas  one 
communications,  electromagnetic  guidance  and  control,  sur- 
wt illance  oj  ground  and  aerospace  objects,  intelligence  data 
collection  and  handling,  Information  system  technology, 
ionospheric  propagation,  solid  state  sciences,  microwave 
physics  and  electronic  reliability,  maintainability  and 
compatibility. 


